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YOUNG 


GENTLEMEN 




ENTERING 


UPON 



MATHEMATICAL STUDIES. 

Gentlemen, 

YO U are here^prefented with an eafy In^ 
troduclion to the leading Branches of the 
'Mathematics. In the Purfuit of which, 
you will do well to make yourfelyes perfc<5l 
in one Definition and Problem, before you 
proceed to another, * And though the De- 
'monftration cJoes not immediately accom- 

* Matho happening to look into two or three laft 
Pages of a new Book of Geometry^ was fo frighted with 
die complicated Diagrams he found there, refpefting the 
Fru/lums of ConeSy Pyramids^ and Conic Se^ionSy that 
he {hut the Book immediately in Defpair, thinking none but 
a Newton was capable of reading it. But his Tutor ha|5- 
pily perfuading him to begin the firft Pages about Line^ 
and AngleSy he found fuch furprizing Pleafure in a Week 
or two's Time in the Advances he daily made, that at laft 
he became one of the greateft Geometricians of his Age. 
A 2 pany 
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pany every Rule, let not that be any Dif- 
couragement; for the Reafon of many of 
the Operations will naturally arife as you go 
along, from the Connection of the Problems 
themfelves. But if a Youth be unwilling 
to proceed without a Demonftration of every 
Thing, he may as well refufe to move or 
eat^ becaufe he has not by him a full Ex- 
plication of the Caufe of Mufcular Motion^ 
and the Nature of Mafiication and Dtgejiion 
of his Food. Befides, many of the Rules 
• arife only from Algebraical and Fluxionary 
ProcelTes, which are impofiible for him to 
underftand at prefent. The Toung Geometer 
muft therefore defer them till he has, by the 
following, or fome other Introdudtion, 
initiated himfelf into a Knowledge of the 
firft Principles of this moft excellent and 
ufeful Science ; which, we flatter ourfelvcs, 
he may eafily, and in a fliort Time, accom- 
plifli, by a careful Pcrufal of the following 
Work, 

And, 



( V ) 

And, as moft Solutions in Geometry re- 
quire fome Knowledge of Decimal Arith^ 
metic and the ExtraSiion of Roots ^ we have 
* therefore judg'd it proper to prefix them, 
as neceflary to be gone over by the Learner, 
before he enters fully upon his Geometrical 
Studies. 
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^ Plato, a celebrated Greek Pbilofopher, who floir^ 
rifhed about 350 Years before Chrifiy'W2& ufed, in his Led 
tures, to illuftrate and dcmonttrate to his Pupils*«he Trut 
of his Propofitions by G^(7OT/frjp ; and Euclid, who live 
about fourfcore Years after him, being educated ia Plato' 
JBchool, is faid to have compiled his whole Syftem of Gh 
metrical Ml^ment 5 only in Reference to Applicatrofts of tha 
Kind. But now, the Utility of Geometry extends tb ever 
'^rt and Science in Human Life. > 
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Page 73» l»nc 7» aft«r the Period, read, ** WUh tho^f||m« Extent, 
one Foot in b^ make a Mark at c/* 
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Geometricisin^s Companion. 

D EC IMA L 
A R I T H M E T I C. 



^'TpHlS is a parttcTilar.Kfhd of Arithmetic^ which 
X enaHfes us to treat Fra^fans as whole Nnmberis ; 
and it is of -the grtateft Ufe in all Parts oF Mathematical 
Learr^g. It receives* its^ Nanire fyom,Decem ^Latin for 
Ten), becaufe it's#*^ays "fuf^fes the Unit ox integer , let 

Jt be what k wiM, whether i Pounds i Mile^ i Galloh^ to 

'be divided into ten equal Parts, and each of thofe into lo 

'Wore, an<i fo on, as far as we pleafe* 

A Fraifion is. a Kumber cxpreffing feme Part or Parts 
of an Unit or Integer : So the Halfy a Third^ or Tenth 
Part of any Thing are Fra^lons. 

Every Fraftion confifts of two Numbers, the Numera^ 
tor^ and the Demmin<itor, . The Denominator (hews into 
how m^ny Parts the Unit or Integer is divided; and the 
Numerator is the Number expreffing how many of thofe 
^Parts-are intended by the Fra^ion. 

'B All 



2 Decimal Arithmetic. 

All Fnu^ions are either Vulgar, or Dmnud. . 

In Vulgar FraSfions the Denominator maybe any Num- 
ber whatloever, and isalways^fet under the Numerator with 
a Line between j fo two Thirds is thus exprefled y ; three ; 
Fourths, thus I i and eleven Fifteenths, tiius fj-. j 

But in Decimal FraSHons the NunuraUr^ only is-expreffed/ 
or wrote down; the Denominator being underflt)od by 
Places, and is always lo, ioo,tooo,&c. being an Unit with 
as many Cyphers annexed to it, as there are Figures in the 
Numerator. So the Denominator of .5 is 10^ tHe Deno- 
minator of .47 is 100 ; and of .358 is looc, &c. 

A Decimal Fra^ion is known from a whole Number by 
a fmall crooked Dajh before it, called a parting Line: 
. Sometimes a Point or Dot is ufed inttead of it. Thus ^58 
or .397 are Decimals* 

If a Number confiftsofa whole Number and a Decimal, | 
it is called a mixt Number, If a Decimal ends at a certain 
Number of Places, it is faid to be Finite: But if it runs on 
without terminating^ it is faid to be Infinite* When ant 
of the Figures in the Decimal is repeated, as .666, &c. it 
is called a fmgle circulating or recurring Decimal. When 
two or more are repeated, as .602.602, &c. it is called i 
compound circulating or recurring Decimal* In Number 
where the fame Figure continually circulates, make a Da{| 
acrofs the firft, thus .^66 ; but where every two or /ir« 
Figures repeat, make a Dafh acrofs the Jir^ and laj^ 
thus./.J?o/ 5 the reft may at prefentbe omitted. 
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jSutatitm of ©ecimalsf. 

AS \n Common Arithmetic whtJe Numbers incrcafe to- 
wards th& £91^' Hand, in a tenfold Proportion : fo on the 
contrary, in this i&W of Arithmetic, Decimals decreafe to- 
wards the RigU Hand in the fame Proportioi), as appears 
in the following Tabte. 
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From this Table it is evident, that iStiefirJi Figure in thti 
Decimals is fo many tenth Parts of the Unit or whole 
Number, as the Figure itfelf denotes : The fecond is (o 
many hundredth Parts : The third fo many thoufandth 
Parts. Thus .2 is 1^, or two tenth Parts; .23 isxl^ or 
twenty-three hundredth Parts; .234 is xH^, or two hun- 
dred and thirty-four thoufandth Parts. 



This Table is the very Foundation of Decimals^ and on 
that Account, ought to be attentively confidered. 
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Cyphers 



4 • Notation of Decimals. 

Cyphers annexed or aided on the Right Hand of any 
ft JDecimal Fradiion neither increaie nor diminiih its Valueu 
Thus tS^§ is {equivalent to -i^i, >^r to ,^5 hundredth Parts. 
. -*— But Cyphfers, ff placed hefo^re the Decimal, decreafe its 
Value in a tenfold Proportion: As .3 tenths having a 
Cypher placed before it becomes tH ; if two Cyphers are 
prefixed it is y^i; that is, only three .thouiandth Parts ; 
and/o of any others. 

Hence it follows, that when yo.u are to writexlowna 
Decimal Fra*aion, whofe Denamtnator has more Cyphers 
in it than there are Figures in the Numerator ^ they muft be 
fupplied by prefixing fo many Cyphers before the Figures 
ot.the Numerator. As fuppofe fitiy was to be written 
down without its Denominator ; in this Cafe, becauie there 
are three Cyphers in the Denominator, ana but two Fi- 
;ures in the Numerator, we muft therefore prefix a Cypher 
efor^ thf r6, and fet it down thus, .016. ! 

A mixt'^jmber is compofed of a whole Number and a ' 
Fra(Slion, and *is thus written 5.7, viz, five and feven 
' Tenths ; and 25.47, which is twenty-five, aad forty-fcven 
hundredth Farts of another. 

The more Places a Decimal (which does not terminate) I 
confifts of, the nearer it exprefles the Truth ; hut in Pra6^ice j 
we feldom ufe more than three Places ; and in high and ac- 
curate Calculations not above 4, or 5, or 6 at the moft ; 
and when the Decimal confifts or feveral Nines^ we rejeft 
them, and^iake the next Figure on the Left Hand one 
more: Thus, for 5.199 we write 5.^ j and for 9.99 w^ 
)yrite iQ. "^ 



atltlf- 



V si - • i 

anirition of Decimate. 

IN Addition of Dectmals^ carefully place the Numberr 
under each other according to their rerpe<5tive Places; thaf 
is, Units (in whole Numbers) under Unit's ; and Tenths 
(in Decimals) under Tenths^ &c. Then add as if they 
were all whole NumberSj-cuttmg ofFas many Figures from 
the Slim towards the Kight Hand for Decimal Parts as 
there are Decimals found in any of the Numbers to be^ 
added* 

The following i&jimofitti will make all pfaing 

Yards. 

3.721 
102.1 



Decimal Partt 
of a Footv 


£* 


.Zl 


' .Gor 




.361 

- •i68« 
.28 
.86 



2.59 1.6712 131.841 the SifmTotaK 



The chief Care to be taken here, is to keep the Dots, 
or feparating Pohits, cxa6Hy under one another ; and to 
cut off in the whole Sum as many P'igures towards the 
Right Hand, as there are Decimals in the greater Num- 
ber. Thus,, in the Second ExamfUj becaure.tl>ere are 4 
Decimals in the third Line^ four Figures are^ feparated 01? 
cut off towards the Right Hand in the total Sum. 



5 3 *«*- 



» 
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iSuttraftion of t)ecimatiEf* 

I N this Rule, we muft alfo carefully fet the Units under 
Units, and the Tenths under Tenths, &c. and fubtra<9: as 
in whole Numbers, always remembering to cut off as 
many Figures in the Remainder as there are .Decimal 
Places in either of the other Number 



As in thefc d^attH^bjt^ 



^eet. 

From 915.315 

79.17^ 



Take 



Ytrds. 
201.125. 

5-578J 



Oallooi* 

30.5.-. 
7-2597 



Remains 8^6.143 195*54^5- 23.2403 



Note. If the Number of Places in the^ Decimals be 1 
more in that which is to'be fubtrafiied, than ki that which 
we fubtra£^ from; we muft fuppote Cyphers to make up ! 
the Number of void Kaces, as in the fell Example above, ^ 
where three Cyphers are luppofed to be added, and the j 
S ubtra£Uon made accordingly^ . ' 



^ttl^ 
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multiplication of Decimals. 

THIS Rule IS performed exa<£My the fame as in 
whole Numbers ; only we muft obferve to cut ofFas many 
\ Places of Decimals in th^ ProdudJ:, as there are Decimals 
in the Multiplicand and Multipliejr added together. 

i ^' - ^ • - I 

I But if the ijfoduft hadinpt fo many Figures as there 
fliould be Places cut eff, the Deficiency -muft be fupplied 
by prefixintg a Cypher or Cyphers on the Left Hand, and 
' then cut them bif. A few Examples will fufficiently ex- 
plain this Rule. 



^Multiplicand .4267 . 
♦Multiplier .584 

17068 • 
^ 34136 

21335 



.2491928 Produft. 



Here are four Figures cut off in the Multiplicand, and 
\\irn in the Mukiplier; therefore I cut off Jevtn in 
the Produft. 



B 4 Cjcam^ 



^ 



S MuLTII>UCATiaN ofDiClHALS^ 

Multiplicand .4 
Multiplter .t 

.08 

The'Number of Places cut off in the Multipticand and 
Multiplier are twoi but as the Produ£t confifts only of 
one Figure, the Dete& is made up by prefixing the Cypncr> 
and then cutting them ^0/i& off. 

3.6^ 41.376 

i.3fr .248 



182; 331008 

1095 1^5504 

365 82752 



4.9275 10.261248 



The Rule compared with ^eie Examples will explain 
each other 

To multiply Decimals by 10, loov looo, &c. only re- 
move the Point as many Places further towards the Ki^hc 
Hand as there are Cyphers in the Multiplier. 

So .943 multiplied by 10 is - - 9.43 
If mulapliedby 100 it iS' - - - 94.3 
And if multiplied by 1000 it is «> « 945 



[ 9M 



OitJifion of a;)ecimal0* 

HERE the Operation is the very fame as in whole^ 
Numbers; only when the Quotient is found, we muft 
fubtradi the Number of Places cut off in- the Divifor, out 
of the Number cut off in the Dividend, and the Remain- 
der (hews how many Places muft be- cut off iatbe Quo- 
dent. ♦ . 

But if the C^uotient hath not (b many Figures as there 
ihould be Decimal Places in ity we muft prefix as many 
Cyphers as will make up the Number of Places, andt 
then cut them ofl^ as intbefollowing,£xamples» 

Divide 4.6732 by .23 

.aj)" 4.6736 (20.32 Anfwer,- 

46- 
46* 



Here the Decimal Parts in the Dividend exceed tb'ofe in 
the Divifor by two; we therefore cut off two Places for 
Decimals in the Quotient. By this Means we find that 
the Divifi^r is contained in the Dividend 20 Times, and 3 a 
hundredth Parts of another. 



\ 



B 5 c^ymn- 



!• Division Ijf Decimals. 

Divide .6474 by 73. 
73) .6474 (.0088 the Anfwer. 

584 . 



(50) 

Here the Quotient is 88; but as there are four Places of 
Decimals in the Dividend, and none in the Divifor, four 
Places muft be cut off in the Quotient, We therefore 
prefix two Cyphers to the Figures in the Quotient, and it : 
oecomes .0088, the Anfwer, with a fmall Remainder, 

, Divide 295.75 b^J3.45. 

«-4S) 295-75 (35 
2535 

4225 
4225 



Here the Number of Decimal Places in die Dividend: 
and Divifor being equal, the Quotient will be a whole 
Number ; that is, the Divifor is contained in the Dividend 
juik thirty-five Timts. 

i 



Division q/^ Decimals* ii 

Divide 192.1 by 7.684." 

7,684 ) X92.100 ( Z5 the Anfwer required, 
'5368 

38420 
38420 



Becaufe here are not fo many Places of Decimals ia the 
Dividend as they are in the Divifor j we annex Cyphers to 
the Dividend to make them equal, and the Quotient is iU 
this Cafe a whole Number. 

€ram{ile 5. 

Divide 500/. among 26 Men, aind give esTch Man's 
Share. 

26 ) 500. ( 19.23/. for Atifwer. 
26' 



240 
234 



60. 
52 



t 



80. 
(0 

In Queftions of this Kind, where z whole Numkr is dl^ 
vided by a whole Number^ we may find the Value of tlfc 
Remainder to what Exaftnefs we pleafe, by addingu a 
Cypher at a Time to it, remembering, that for ^vWf 
Cypher we add, there rauft be a Decimd in the Quotient. 
Here are two Cyphers added, therefore we have iwo 
Decimal Places in the Quotient. | 

B6 To 



12 Division of DecimalZm 

To divide Decimals hy lo, loo, looo, &c. only - re- 
move the Point as many Places fiirmer towards the Left 
Hand as there are Cyphers' iii the Divifor. 

Thus, 9^3 divided by lo is • 94.5 

It divided by 100 is - ' 9.43 

' If divided by 1000 is - .943 

And, divided by loooo is 10943 



Sle&uc- 



r 
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Beuuftion of Decimals* 

THIS Rule teaches us (ift) to reduce or change ft 
Vulgar Fraftion into a Decimal .qf the fatne Value.— 
(2clly) To find the Value of a Vulgar or Decimal FraiSbn, 
—And (sdly) To reduce any Part of Coin ^ If'^ightj or 
Meafure^ to a Decimal, Wc will begin with the firft-^ 
which is. 

To reduce a Vulgar Fnu^on into a Decimal of the 
fame Valuc^ 

As the Denominator of the Vulgar Frafiion is to \w 
Numerator, fb is lo, loo, looo^ &c. (or any other Num- 
ber^ which is intended for a Denominator) to the Numc- 
, rator of a Decimal Fra£lion» 

Let i of any Thing be given, to be reduced to 2 DecimJ 
of two Places 5 viz. to have 100 for its Denominator, 



As 4 : 3 



: : 100 

3 . 

28 



20 

20 



Here are cut off two Places in the Quotient, bccaule 
there are z Cyphers in the third Number: So thjt we 
find, that three Parts in four of any Thing h equal to 
Jtventr-jvue Parts in a hundred of the fame Thijig, In the 
fame Manner 7 will be found equal to .25. 



J 



14 RfiDuctiouJ :^Decimals, 

What Decimal Fradion is equal to -J^ of any Thing ? 

As 54 : 15 : : 1000 
>5 



5600 
1000 



94) 15.000 ( ,159 the Anfwer% 
94 

470 



900 
846 



This Decimal of .159 is not cxaiSHy eoual to the given 
Vulgar Fracftion ; but by continuing the Divifion it may 
be carried to what Exadtnefi we pleafe ; though in fome 
Cafes it never can be exa<9:. But in this Example, 
the Remainder does not amount to more than the Half of 
one ten thoufandth Part of the Whole, which is near 
enough in common Cafes. 



#►.•-, 



(Idly.) 



RBDircTioK (/ Dbcimaxs. . 1 5. 

(2dly.) To find the Value of a Vulgar or Decimal 
Yxii£tion. 

As the Denominator of the Fra£Hon it to its NuBfterator, 
fo is tBe Number of Parts in the Integer (or whole Number) 
to the Value required* 

, What is the Value of yj of an Hundred Weight ? 
As i6 : 7 : : 112 Pounds in an Hundred Weight. 
7 

i6) 784 ( 49 Pounds. 

M4 
H4 



What is the Value of .384 of an Hoglhead ? 
1000 : 384 : : 63 Gallons in an Hogfliead. 

63 

1152 

»304 



looo ) 24192 ( 24 Gallons. 
2000 



4192 
4000 

192 
8 Pints in a Gallon. 



looo ) 1536 ( I Pint. 



1000 



(536) 



Anfwer 24 Gallons, i Pint, and ^y^^ Parts of a Pint, 
which is a little more than half one. Note. 



.i6' Reduction g/* Decimals^ 

Note. The Value of a Decimal Fraftion may be fouc 
more elegantly, by only multiplying thfe Decinial by tl 
Number of Parts in the Integer; remembering to cut oiFi 
many Figures in the Product, as there are Places cut ofFi 
the'£>ecimal given. Then multiply thofe Figures gut oi 
by the Numfer of Parts in the next inferior Denominatioi 
and cut oiF as many Places as before ; and fo proceed t 
you have brought it down to the loweft Denomination r( 
quired^ • • 

What is the V.alue of .384 of an Hogfhead ? 

63 Gallons in an Hogfhes(< 

Gallons 24.192" 

8 Pints in a Gallcwi. J 

Pints 1.536 i 

Here the Anfwer is the fame as on the other Side; but is^ 
difcovered in lefs tfcan Half the Quantity of Figures. ; 

What is th^ Value of .5789 of a Pound 'Sterling, 

20 Shillings' in a Pound. j 

Shilliijgs H.5780 . 

1 2 Pence in a Shilling.. 

I I 560 
5780 



Pence 6.9360 

-f Farthings in id; 

Farthings 3.7440! 

Anfwer 11 Shillings and 6 Pence 3 Farthings, arid fome- 
thing more. 

(2dly.) 



REDUCTION ^D£CIMAI.». X7 

(tcUyO Some Part of an Integer being g'^vett, to find 
hearty) what Deeimal it is of the Integer :— or, to reduce 
fty Parts of Monty^ W^ightSi mid MeaTureB^ to a Decimtil 
|ualtoit» 

*■ 

Firft. make it a Vulgar Fraftion by writing the Number 
J the uime Parts contained in the Integer under it) then 
leduce' chat Fra£btoh to a Decimal as before. 

What Decimal of a Foot is 3 Inches ? 

In a Foot are 12 Inches, confequently the Vulgar Frac* 

tfon ia A^ ^, 

Then, as 12 : : 3 : : 100 

3 
12)300 (,25 

60 

60 



iLct it be required to reduce its. 2d. to the Decimal of a 
J^ound Sterliitg. 

In I zs. zdL arc 146 Pence ; and in,a Pound are 240 Pencc> 
therefore the Vulgar Fraftion is i|§. 

Then, as 240 : 146 : : 1000 
* 1000 



340 ) 14^600 ( .608 Anfwer. 
H40 

.2000 ' *' ': 

1920.' 



'"" , WJm 



a 8 Reduction ^Decimals. 

What Decimal of an Hundred Weight is 71 lb. ? In _, 

Hundred Weight are 112 lb. therefore the Vulgar FnKado 

is AV. ^ 

Then, as 1x2 : 71.: : i.ooo 

71 




112 ) 71000 ( .633 Ahfwer. 
672 




440 
33^ 



What Decimal of a Pound Avoirdupoife is u Ounces ? 
In one Pound Avoirdupoife is 16 Ounces: Ae Vulgaii 
Fradlion, therefore, is H ; then fay, ^ ' 

As 16 : II : : 1000 
II 

1000 
1000 



16 ) 1 1000 ( .687 Anfwer. 

140 
128 

120 
lis 



(8) 
In like Manner the Decimal of ji Inches will be found 
to be .2708 of a Foot. For as 4.8, the Quarters of Inches 
in a Foot, is to 1 3, the Qiiarters-of Inches in 3^ Inches j 
fo is 1000 to .2708, the Decimid required. The Vulgar 
Fraflion being H of a Foot. 'An 



Reduction ^Decimals. 19 

tn Expeditious. Method of difcovering the Vulue of a De^ 
cimal of )a found Sterling. 

mule* 

JDouble the" Figure which ftandis next the Ppint in the 
Piccimals for fo many Shillings 5 and if the next Figure be 
'^ or more, add i to the former Shillinjgsj and for what 
t is under or above c, reckon fo many Tens^ which added 
b the Figure in the third Place, will be fo many Farthings^ 
Lbating i for every 24 ; which brought into Pence, ana 
idded to the Shillings before found, will give the true Value 
y{ the Decimal required. 

An Example or two will make all plain. 

What is the Value of .782 of a Pound Sterling ? 

Anfwer 15^. 7 J/. 

Here, the firjl Figure 7 being doubled is 14 ; the fecond 
being 8, reckon i more for 5, which makes 15 Shillings; 
the remaining 3 above 5 added as fo many Tens to the 2 in 
the third Place is 32; which leflened by i, becaufe more 
than 24, makes 31 Farthings, or ']\d. this added to the 15 

Shillings, gives the Anfwer as above, 

• 

What is the Value of .5789 of a Ppund Sterling?' 

Anfwer iij. 6|//. 

Where the Decimal confifts of four Figures, the laft 
may be wholly omitted as inconfiderable. 

Her« 



Ikifiit^ 



20 RbDUCIION of DfCXMAiS. 

Here it will be uferul to remember that 

J, One Quarter of any Thing - - a^ 

|. One Third Part is - - • - - .J33, &c^ 

T. One Half is - - * - - . ,5 

*• Two Thirds is - • - - - .666, Ac 

|. Three Quarters is - - - - -75 



What relates to the Dodrine of Rtpetnuls or circula 
Decimals^ with ConiraSfions in Multiplication and Di*viji 
as being^ not abfolutely neceflary here,^ will be re&rvec 
a. Place in a future Work*. 



72^ 
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^be Httte of Wmz /« Decimated 

THIS Rule is performed the fame Way as ia 
>le Numbers, regard being had to cutting off the Deci- 
B right in the Mtiltiplications and Dmiions; as in the 
owing- Examfdes. 

Ipojfc I i Yard of Cloth coft \^s. 6d. what will 47 1 • 





• Yards coft? 




;2>]^atiott> 


rd. 


•• yd*. 


As 1.25 : 


«7-S :: 47-75 
>7$ 




^3875 
33+25 

• 4775 




i.zs ) 835.625 ( 668.5 Shillings 
750 




• 750 




1062 




1000 




625 
.62?- 



knfwer 668. 5 Shillings, which reduced into Pounds br 
idjngby ao, is ^3.4255 or 33/. 8/. 6d. ' 



22 The Rule of Three in Deci^ials. 
C&yample a. 

If 5 Yards i of Cloth I wide will make a Suit of Cloatkj 
how many Yards of Cloth of i Yard f wide will do ? 



Yd. 
If 


WW*. 

•75 ■ 


Yds, 

5-5 

•75 

275 

385 


Yd. Wide. 

: : 1.25 




I.2S) 


4.125 ( 

375- 


3.3 Yards. 




• 


375 
375. 


. 



Anfwer 3.3 Yards; or 3 Yards i and a little more. 

What is the Intereft of 325/. 15J. for a Year, at 4 i-j 
Cent, per Annum? * 

£. £.Int. £. 
If 100 : 4.5 : : 325.75 



162875 
130300 

£. Int. 



100; 1465.875 ( 14.65875 

Anfwer 14.65875, which Decimal being reduced by I 
Rule at Page 16, gives 14/. 13J. zd. 



Tbe Rule of Three in Decimals* 23 

A Merchant bought 436 Yards of Cloth for 8.5^. per 
Sird, and foW it again for 10.75^. per Yard 5 whatdidhe 
lin by the Sale of it ? 

ft 

. Sold at - - - - - 10.75 
Bought^ r - - - 8:5 

Gain per Yard - - - 2.25 
Yard, *. Yards. 

If I gain 2.2s, what will 436 gain? 
2.25 

2180 • 
872 
872 ' 



1)981.00(981 
Anfwer 981 j. which divided by 20, gives 49/. is. 

(tvamplt 5. 

If 5 Men do a Piece of Work in 4^ Hours, in how many 
jurs will '1 2 Men do the famei 

Men. Hours. Merir 

If 5 : 4.5 :: 12 " 

12 ) 22.5 ( 1.875 Hours, 
12 ?? 

105 
96 

. • 90 

84 



60 
60 



Anfwer i Hour and .875 thoufandth Parts of another, 
ich reduced by multiplying it by 60, gives i Hour and 52 
ftutes and an Half exaftly. 



^4 ^f Rule e/ Three in Decimam* 
Two Men, A and B,|re Partners: A. put in 



B piit in 30/. ios. and by trading they gained 8A id 
what is each Man's Share of the Gain ? 



lOJ, 



A put in 20.5 

B put in 30.S £^ £. - £. 
Stock 5 1. Then, as ju : 8.5 ! : 20.5 

. 8.5 






s.) 


1025 

1640 £. 

i74.2S.{3.4i6A'sShj 
'S3 


And, as 


£' 
St 


• 

£' 

8-5 


212 

204 
85 

5' 

340 
306 

(34) 

£' 
: : 30.5 
8,5 






SI 


1525 
2440 

) 259.25(5.083 B's Si 

42? 
408 ' 


A's Share 3.416 fj. 
B's Share 5:083 -f^. 






170 
'53 
(17) 



8.500 Here the Cyphers make no Addition^ 
the Decimal J confequently the Sum of their Share 
fxa^y 8/. 10/. as in the Q^eflion. 



^be Rule of Three in Decimals. 25 
Ctyaitiple 7. 

Having the Circumference of a Circle or Wheel given ; 
'to find its Diameter. 

It has been long difcovered, that if the Diameter of a» 
Circle be 7^ its Oircumference will be 22 of the fame Mea* 
fure; and alfo that the Diameters and Circumferences of all 
Circles are in a dired: Proportion to each other \ whence this 

Dia. Circ. 

As 7 is to 22 : fo is any other Diameter to the Circum, 

Cir. Dia. 

And, as 22 is to 7 : : fo is any other Circum. to theDianj. 

Suppoie a Coach Wheel turns round exa£Uy twice iti the 
^ngth of a Pole or Perch of i6i Feetj what then is its 
)iameter? 3 




Cir. 
ZZ 


DU. 
: 7 


Cir. 

: : 8.2s 

7 

5 57.7. J. 


of the Wheels 


= Half the Pole 




Zi 


[ z.6zj the Diameter fought. 






4* 










137 
•13Z 










55 

44 , 










no 










no 










Hf the Diameter had been given to find the Circumference : 
muft have made Ufe of the firft Proportion above. 



26 ne Rule of Threi: in Decimals. 

A Ciftern has two Cocks; by the firft it is filled in 
20 Minutes, and by the fecond in 30 Minutes 5 what Time 
will it take to fill the Ciftern, when both the Cocks are fet 
open at once ? 



"1 



=0^ . 


I w 


D ' 


1 



^ If 30 : 20 : : 50 by the Rule of Three Reverfe. 

50 ) 600 ( 12 Minutes the Time fought. 

J2 

100 
ioo_ 

Tf r Men and 4. Women (which we will fuppofe equj 
long will I Man and i Woman be doing the fame ? 

iDperatioiu 

Here 4 Women being equal but to 3 Men ; i Woman cal 
be only equal to .75 Parts of a Man ; and, as 4 Women as 
equal to 3 Men in doing the above Work, it may be conft 
dered as performed by 6 Men ; whence this Proportion : 



=^ M.&4W 
If 6 




=:lM.&lW. 



Anfwer 96 Days* 



ThI 
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The extraction of the 

S QJJ ARE ROOT. 

TO extraS the Square Root of any Number, is to find 
out a Number, which being multiplied by itlelf, the ' 
Produ6k (hall be equal to the given Number. Thus, fuppofe 
9 the given Number ; then will the Root of it be 3 ; be- 
caufe 3 multiplied by 3 will be equal to 9, the given Number. 
And this may be geometrically demonftrated by the 
following Figure, where each Side contains 3 equal Parts, 
by which the great Square A B C D is divided into 9 
little Squares, The Extraftion of the Square Root, there^ 
fore, is, by having the Number of little Squares given, 
that are contained in a greater Square; to find out how 
many of the le& Squares make one Side of the greater. 



~3 



In order to extraft the Square Root of any Number, it 
will be neceflary to have by Heart the following Squares, 
whofe Roots are one Figure. 



Jipifl: 


1 


2 


J 


4- 


S 


6 


7 


8 


3 


Hqiiare 


1 


4 


S 


1€ 


15 


36' 


i9 


€4 


SI 



By this Table you perceive the Square of i is i ; the 
Square of 2 is 43 the Square of is 9 ; and fo of the reft. 
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This 



2S The ExTBLACTiON of the Square Root. 



"'"i «■ 



This being done, we may proceed to extraft the Square 
Root of any given Number by the folio wing 



Firft, fet down the given Number ; then make a Dot 
over the Place of Units, and fo on, over every fecond Fi- 
gure;* (towards the Left Hand in whole Numbers ; but 
towards the Right Hand in Decimals :) and as many Dots 
as there are in the given Number, (which is ufually called 
the Refolvend) fo many Figures will there be in the Root. 

Next, feek the neareft Square to the firft Period or Dot, 
on the Left Hand ; whofe Root fet in the Quotien\?, and its 
Square place under the firft Period ; then iubtracl", and to 
the Remainder bring down the next Period, (as in Divilion) 
which will form a Dividend. 

Now, double the Root you put in the Qiiotient for a £)/- 
vifor^ and place it on the Left Hand of the Dividend ; then 
feek how oft this Divifor can be had in all the Figures of 
the Dividend except the laft ; fet it in the Quotient, and 
alfo on the Right Hand of the Divifor. 

Multiply this increafed Divifor, by the Figure laft put 
in the Quotient, fet the Product under the Dividend, and 
fubtrad It therefrom. 

Laftly, to this Remainder bring down another Period for* 
a new Dividend ; then, double all the Figures in the Quo- 



• The Reafan for pointing every fecond Figiue is, becaufe the 
Square of the greatcft Number under lO can confilt but of two Places . 

tient 



^he Extraction of the Square Root. 29 

tient for a new Divifor ; divide with the fame Care as be- 
fore ; and fo proceed till all the Periods are brought down, 
and the Operation be finiflied. 

A few Examples will make this plain and eafy. 

What is the Square Root of 576 ? 

Refolvend. 

576 ( X4 true Root. 
4 / 

Divifor 44) 176 
176 

1^ TTo prove if you have performed the Operation right, 
multiply the Root by itfelf ; to which Product: add the Re- 
mainder if there be any ; then,. if this Sum be equal to the 
Refolvehdy or Number given, it is righL other wife not; 
and the Error muft b.e fought out by performing the Ope- 
ration over again. 

What is the Square Root of 17956 ? 
Refolvend .17956 (134 true Root. 




264 ) 1056 
1056 



C3 If 



30 The Extraction of the Square Root. 

If any Thing remains after all the Periods are brought 
down, its Value may be found to what £xa£tnefs we ple^, 
by adding two Cyphers at a Time to the Remainder ; and 
for e very Pair of Cyphers fo added, we (hall have one De- 
cimal Place in the Root -^ as in this Example. 

What's the Square Root of Z26874i ? 

2268741 (1506.23 
I 




3006) 1 8741 
18036 



30122 ) 70^00 
60244 



' 301243 ) 1025600 

(121871) 

Note. In this Example, wc have added two Pair of 
Cyphers; therefore we have two Decimal Places in 
the Root. And thus, by adding Cyphers by Pairs., we 
may carry on the Work to what Number of Decimals wc 
pleafe ; but ftill ibmething will remain. All fuch Num. 
bers are called Surds \ and their Roots can never be per- 
peftly found. 



If 



The Extraction of the Square Rooit. 31 

If die Number to be extrafled is either mtxt^ or a De- 
cimal ; only make the Number of Decimal Places even, 
I (if they are not fo already) by adding a Cypher, (or 
Cyphers) that the Point may fall on the Units Place of 
the whole Number. 

What is the Square Root of 357.519 ? 

357.5190 . f i8.go8 
I 00 




369)3351 
3321 



37808 ) 309000 
30H64 

(6536) 

Here we added a Cypher to make the Decimal Places 
even ; and becaufe there was a large Remainder, we an- 
nexed two more. Then, as there are three Points over the 
Decimal, we cut off three Places in the Quotient for Dc- 
cimal Parts 5 the other two are Integers or whole Numbers. 



C4 n 



32 The Extraction of the Square Root. 

To extract the ^t^uare Itloot of a tEuIgm: 
JFrartioiif 

In the firft Place, reduce it to a Decimal y and then pro- 
ceed in all Refpedts as before. 

What is the Square Root of -iZ- ©f any Thing ? 

340 

As 340 : 37 : : loooo 
loooo 



340 ) 370000 ( .1088 the Decimal Fradlion. 
340" 

3000 
2720 

2800 
2720 

'Then extraft the Root of .io88., ( .529 the Square Root 

9 required. '' 

62)i8« 
124 



649 ) 6400 
534'^ 

<559) 

In this Extr^dlion, at the fecond Dividend, v/e have an- 
nexed two Cyphers^ for which we obtain one Place more 
in the Quotient ; and, to the laft Remainder two Cy* 
phers more may be added, and the Work carried on, if the 
feoot be wanted to greater Precifion or Exaftnefs. 

The 



^..J 



, ^i&^ Extraction §/* //&^ Square Root. 33 
The U/e of the ^e^uate laoot* 

problem i. 

To find a Mean Proportional between two given Num- 
bers. 

jatile. 

Multiply the two given Numbers together, and extraA 
the Square Root of the Produft, which Root will be the 
Mean Proportional fought. 

What IS the Mean Proportional between 10 and 40 ?' 



i^j^etatiottt 



40 
10 



400 ( 20 the Mean required. 
J; . 

40) (000) 

Proof. As 10 : 20 : : 20 : 40 by the Rule of Three 
20 

10 ) 400 ( 40 

In like Manner the Mean Proportional between 16 and 
36 is i4. For as, 16 : 24 : : 24 : 40. 
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34 ^^ Extraction of the Square Root. 

Any Body of Foot Soldiers being giiren to be formed 
into a Square Battalion, i. i. confifting of the (ame Number 
of Men in Rank and File. 

Only extras the Square Root of the Number, which 
Root will be the Number to be placed in Rank and File. 

Suppofe an OiEcer has a Body of 1 1 56 Men to form into 
a Square Battalion i what will be t^e Number in every 
Rank and File ? 

1 1 s6 ( 34 Nuniber of Men in every Rank and File« 
9 

64)256 
256 

T^ 

A Battalion thus formed is called a folid Square, to diH- 
finguifli it from a hollow Square* 

Alfo, if an Army confifting of 23716 Men is to be did 
pofed by the Gerural into a Square Battalion i he muft place 
454 in Rank, and as many in File. 



The 



^The Extraction of the SgiJARE Root. 35 

The Property of a Right Angled Triangle. 

In every Right Angled Triangle, the Square of the Hy- 
fothenufe^ or longeft Side, is equal to the Squares of the 
Bafe and Perpendicular added together* 

And this may be Geometrically deaionftrated thus. 





B 
























X 








A 










C 







































In the Triangle ABC, we fay, that the Square made 
«ipon the Hypothenufe A^ is equal to the Square made 
4ipon die Baie AC; added to thp Square made upon the 
Perpendicular B C* 

This Property of a Right Angled Triangle is of the 
^eateft Ufe in moft Branches of the jl/^M^?7irt//fj', It is 
no Wonder then, that Pythagoras^ a learned Greek Philo- ; 
ibpher, who lived about 500 Years before Chrift, fliQu)tl ; 
offer fo large a Sacrifice as that of 100 Oxen to the Mufif^ ' 
for infpiring him with fuch an ufeful Invcntiorij which he 
Judged beyond the Power of human Ability :o difcoverr • 



C 6 
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36 The Extraction of the Square Root. 
problem 3. 

Given the Bafe and Perpendicular of any Right Angled 
Triangle, to find the Hypothenufe. 

Add the Squares of each Side together; cxtrafl the 
Square Root of that Sum \ and that Root will be the Hy- 
pothenufe required. 

Suppofe- in the Triangle ABC; the Bafe A B is 30 
Yards ; and the Perpendicular B C 40 Yards j what is the 
Length of the Hypothenufe AC ? 




BaTc fquir^d 
f 30 



Hase, 



^( 



lOO. 



Perpendicular fquar*d« 
40 
40 

1600 

Sum 2500 (50 Yards the Length of the Hypo- 
25 thenufe A C, required. 



BCD 1600 
AB D 900 




100 ) 0000 



i^ro- 



Tbe Extraction (?/* /Z?^5quare Root. 37 

The, Hypothenufe and one Side being given, to find the 
Other Side.. 

mule. 

From the Square of the Hypothenufe, fubtrafl: the^ 
Bquare of the given Side; the Square Root of the Remain- 
der will be the Side required. 







(txmvglt I. 

Suppofe the Length of the Ladder in the above Figure be^ 
50 Yards, and it be placed 30 Yards from the Bottom of* 
the Tower, where will the other End touch the Tower, 
when laid againft it f 

£){ierdtioti. 

From the Square of the Ladder 2500 
Take the Square of the Diftance 900 

% Remains Square of the Height of 1 1600 ( 40 Yards, the 
the Tower - - - 3 16 * Heirfit from 

theBafe. 



80) 000 



^f^VXi 



3« The Extraction of the Square Root. 

{ 

A Tree or a Fort ftanding on the Edge of a Itivety 
meafures 40 Feet in Height, and a Line ftretched out &om i 
its Top to the Bank on the other Side the Water is exadljd 
50 Feet : What Is the Breadth of the River, fuppolln^ thel 
Land on both Sides level ? 




From the Square of the Line 2500 
Take the Square of the Tree 1600 

— 7-: Root. 
Remains the Square of the River 900 ( 30 the Breadth of 

9 theRiver required* 

€0 ) 000 



iBirOf 
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The Extraction of the Square. Root. 39 
problem 5. 

To find how far a Mountain of any given Height can be 
en at Sea or on level Ground. 

How far can the Pike of Teneriff^ (one of the Canary 
m&) be feen at Sea, whofe Height is about 4 Miles ? 




The Circumference of the Earth has been found by Ad- 
kcafurement to be about 25.020 Miles :^ Its Diameter 
lerefore muft be about 7964; and its Semi-diameter 3982 
Cles. Then in the Triangle ABC, right angled at B, 
lere is given the Side C 6=39823 and alio the Side A C 
^3986, to find A R. 

From the Square of AC 1 5888196 
Subtract the Square of C B 15856324 

Remains the Square of A B 3 1872 ( 178 Miles ; and fo 

* I iarcantheMoun- 

-^— tain be feen. 
a; ) 218 
189 

348)2972 

(188) 
I3> See an eafier Method of anfwering this Problem at 
hge the 28th of my Trigonometry. 

I 
L 



40 The Extraction of the Square Root. 
fSroiilem 6. 

Two Ships, A and B, fet fail from the fame Port P ; A failJ 
fromP, diredly North to S, 73 Leagues ; and B fails dire<ai| 
Weft from P to R, 47 Leagues ; how far are they from eaJ 

other ? 1 




4-jLeagk 



'^tlieTarifairdfran 



To the Square of the Perpendicular P S 5329 
Add the Square of the Bafe R P - - 2209 



Root. 



The S«»i is the Square of the Hypo- 7 -r^o r »/? « T ^^rr^M^ 
thenufeRS -* . . ^ J7538( 86.8 Leagues^ 

64 



~theDiftan<^ 
fought. 



166 ) 1138 
996 



1728) I420D 

13824 



C376) 



1 



„ In this Operation two Cyphers are added, confequently: 
we have one Decimal Place in the Root. If^greater Exai * 
nets be required, two more Cyphers may be brought dowi* 
to the Remainder, and the Work be carried on asKe 



r 



The Extraction of the Square Root. 41 
^rolilem 7. 

A Ship £iiling away in the South- Eaftern Quarter runs 
.8 Leagues, when fhe finds (he has departed, from the 
eridian ihe failed from, 47 Leagues ; how much has (he 
ered her Latitude? 




Root 



iDperatioiu 

rora the Square of the Diftance run 7^34.14 
*ake the Square of the Departure 2209. 

raxains the Square ofDift Latitude 5325.24 ( 72.9+ or 75 

49 the Diff. of 

' ' theLat* 

142)425 
284 
1449)141.24 

(1083) 

In like Manner, if the Diftance run and Difference df 
^titude are given, you may find the Departure from the 
leridian. 

■13* In all Problems concerning Navigation, we fuppofe 
''- Top of any Book, Paper, or Slate to reprefent the North ; 
Bottom, the &?«/A; the Right Hand, Jf^T/?^ and the Left 
and, Weji. ^ ^ 

pro* 



^ 



42 • 57?^ Extraction of the Square Root. 
iprolilem 8. ! 

Suppofe a Ship's Diflatue run in the North- Wefteni 

. Quarter be i lo Leagues j * her Difference of LatiiudiyM 

then finds to be 88 Leagues, and her Departure from her 

former Meridian 66 Leagues ; 1 demand the Ship's Courfd 

that is, the Angle, or Point of the Compafs ihe failed uponi 

N Having fliewn how to find the Dijlance^ Difference cl 
Latitude^ and Departure (from any two of them beina 
given) 5 we will now point out a Method of finding thq 
Gourfe, or Angle the Ship failed upon, made with the Me-I 
ridian. 

As the Sum of the Diftance run, and Half the greatd 
of the other two Legs ; is to to the le& Leg ; fo is 86, a 
fix'd Number; to the Angle (ia Degrees) oppofitetothe 
lefs Leg ; which is the Courfe, when the Departure is lefi 
than the Difference of Latitude ; otherwife it is the Com* 
plement of the Courfe ^ /• e. what the Courfe wants of 90 
Degrees, f 



* An Engliih League is 3 Miles. A French League is but tm 
Miles. 

t For the Reaibn of this Rule^ fee my Tr^onometty. 



i^pnir 



fbe Extraction of the Square Root. 43 



JD£pa7'ture€S» 





The Diftance run i lo Leagues. 
Halfthe greater Leg 44 Leagues. 



Sum 154. 
Then, as 154 : 66 : 



86 
66 



S16 

154) 5676 (36 Degrees. 
462' 
1056 

60 
154) 7920 ( 51 Minutes. 
770 



220 

'54 

nfwer, 36 Dcg. 51 Min. the Angle (66) 
which the Ship's Run made with the 
Meridian of the Place flie failed from. 



i0ra- 



44 



7he Extraction of the Square Root. 
problem 9. 

There are two Cities, as Chichejier and York^ whic 
North and South from each other, about 220 Miles;! 
Exeter^ another City, lies direftly Weft from Chicbefierd 
120 Miles i now I defire to know the Diftance oflVij 
ExiUr ? 




jSJperatiorif 

Square of the Diftance from Chichefter to York 4.8^ 
Square of the Diftance from Chichejier to Exeter 14J 

The Sum 62 
• • . . Miles. 

Then extract the Root of 62800. (250. 5 
4 00 




505 ) 3000 

(475) 
Anfwer, 250.5 Miles ; that is 2co Miles, and Half ai 

ther, which is the Diftance required. 

Here are two Cyphers brought down, we have thcref 

©ne Decimal Place in the Root. 



T^e Extraction of the Square Root. 45 



i |Dto6lem 10. 

pie Slant Side of a Pyramid, or Cone, being given, and 
rife the ( Side or) Diameter of the Bafe j to find the 
ndicular Height ? * 

ippofe the Slant Side A G of the Cone A B C D, be 
nches, and the Diameter of the Bafe A B 1 26 Inches j 
is its perpendicular Height ? 




B 



jDperatiori* 

From the Square of the Slant Side AC - loooo 
Subtra6t the Square of ^ the Bafe AD - 3600 



Remains the Square of the Height CD - 6400 

Then extract the Square Root of 6400 ( 80 Root. 

64 

16. ) 000 • 

tfwer, 80 Inches, the perpendicular Height required. 

;more Examples in the Toung Gaugir'f beft InftruSlor, 



3|3va^ 
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46 ne Extraction of the Square Root. 
fdroblem 11. 

If a Fathom * of Rope 6 Inches in Circumference we 
6 Pounds ; how much will the f^e Quantity of Rope vw 
wbofe Circumference is 1 2 Inibhes ? 

The Areas and Weight of all Circles are to eacho 
as the Squares of their Diameters or Circumfcren 
whence tihis 



D Cir. lb. n Circum. 

As 36 : 6 : : 144 



6 






36) 864 (241b. the Wt 

i 
'44 I 

M4 



ISroWem 12. 

If a Fathom of Rope weighing 24 lb. be 12 Inch< 
Circumference} what is the Circumference of a RoR 
\ athom of which weighs 6 lb. 

This Problem is but the Rcverfe of the former, 
lb. D Circum. lb. a-Circum. 
As 14 : 144 : : 6 : 36 wbofe D Root 

Inches, the Circ, 
ference fought. \ 

* A Fathom is 6 Feet in Length. 
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The EXTRACTION OF THE 

CUBE ROOT. 

Q Y the Extraffion of the Cube Root of any Number, Is 

t) meant the findins; out fuch a Number, which being 
ultipliedby itfclf, and that Produft again multiplied by the 
me Number, (hall produce the given Number, Thus, 
ppofe 27 were given to have its Cube Root extracted, we 
lall find it to be 3 ; becaufe 3 multiplied by 3, is 9 ; and 

( multiplied by 3^ is 27 j which is equal to the-given Num- 

kr. , 

I And this may be demonftrated thus : 

Suppofe we take 9 little Cubes, (or Dies) and lay them 
own, fo as to form a Square whole Side fliall be 3 ; upon 
lefe let there be laid 9 more Cubes, and upon them let 
lere be laid 9 more j then will there be in all 27 Cubes, 
*ich will make one greater Cube, as A B C D E F G, 
rhofe Length, Breadth, and 
)epth will be 3 Cubes ; and this 
reater Cube contains juft 27 
ifs Cubes ; the Extraftion there* 
Jre of the Cube Root is by hav- 
ig the Number of littles Cubes 
;iven which are contained in a 
[reater Cube ; to find how many 
F the lefs Cubes make one Side 
f the greater. 

' To extrad the Cube Root of any Number, it will be ne- 
cflarj to have in Memory thefe Cubes, whofe Roots are 
me Figure. 



f 




'0 


V 












cot 



8 



nli 



8 



27 



U 



125 



216 



Z43 



512 



mi 



In this Table you fee the Cube of i is i ; the Cube of 2 
"8 J the Cube of 3 is 27 ; and fo of the reft. 

Now 
•S 



1 

48 ^he Extraction of the Cube Root. 

Now, the Cute Root of any Number, f greater thaa 
thofe exprefled in the foregoing Fable)^ may be found oul 
by the following 

Firft, having fet down the given Number, or Refolvei 
make a Dot over the Unit Figure, and fo on over ev( 
third * Figure (towards the Left Hand in whole Numbei 
but towards the Right Hand in Decimals) ; and fo ma 
Dots as there are, fo many Figures will be in the Root.' 

Next, feek the neareft Cube to the firft Period ; plac 
its Root in the Quotient, and its Cube .fet under the firl 
Period. Subtraft it therefrom; and to the Remaind< 
bring down one Figure only of the next Period, which wi 
be a Dividend, , 

Then, fquare the Figure put in the Quotient, and mu 
tiply it by 3, for a Divilbr. Seek how oft this Divifor mi 
be had in the Dividend, and fet the Figure in the Quotiei 
which will be ih^fecond Place in the Root. 

Now, cube the Figures in the Root, and fubtraft it frc 
the two firft Periods of the Refolvend j and to the Remai 
der bring down the firft Figure of the next Period, for 
new Dividend. Square the Figures in the Quotient, : 
multiply it by 3, for a new Divifor ; then proceed in 
Refpeds as before, till the Whole is finiftied. 



* The Reafon for pointing every ^/j/r</ Fipire is, becanfe the Ctil 
of thegreateft Numbei- under 10, will confilt but of three Places. 



Th( 



The Extraction of the Cube ^oot. 49 

ThthWovnng Examples will make thisdifficult Rule plain 
^ind eafy. 

What is the Cube Root of 1 3824 ? 

Refolvend. Quotient. 

13824 ( 24 true Root. 
Diviror. 8 

quareof 2 multiplied by 3 = 12 ) 58 Dividend. 
iubtradCube of 24from Refolvend zz 1 3S24 

(o) Remains nothing. 



Having pointetl the given Number according to the fore- 
ping Rule, we find there will be two PJaces in the Root ; 
ecaufe there are two Dots in the Refolvend. We then 
cfc the greateft Cube Jn 13 the firft Period, which we find 
> be 8 ; whofe Root 2, we place in the Quotient for the 
rft Figure of the Root ; the 8 we fet under the 1 3, fubtra6l 
therefrom, and to the Remainder 5 bring down the firft 
igure of the next Period for a Dividend. We next divide 
Dividend 58 by three Times the Square of 2 (for a 

ifor) which makes 12; and the Quotient 4., arifmg 
toi that Divifion, is the fecond Figure in the Root; the 

* e of which whole Root we fubtraft from the whole 
Jvend, and find the Remainder to be (o) or Nothing. 

lis (hows that 24 is the true Root ; becaufe its Cuife is 

' y equal to 13824, the 'given Number. 

m^ To prove in all Cafes if the Operation be right; mul- 

Jy the Root by itfelf, and that Produdl again by the Root; 

|which add the Remainder, if any ; then, if that Sum be 

lalto the given Number, the Work is right j otherwife 

anJ matt be performed over again. 



Let 



50 ne jExTRACTiON of the Cube Roo* 

•Let it be required to cxtra£l the Cube Root out of the 
Number 133^^053? 

Rcfolvcnd 

^ 13312053(237 true Root 

Cube of =i 8 

Divifor. — — 

Square of 2 multiplied by 3 i= 12 ) 53 Dividend 
Subtraa the Cube of 23 = 12167 

Divifor, 



Sq. of 13 multiplied by 3=»5^7 ) « HS^ 
Subtraa the Cube of 237 r= 133*2 



new Dividend. 

2053 



(o) 

Here the given Number is a true Cube ; for when thi 
Cube of ill '^ fubtrafted from the v^rhole Refolvend^ theH 
will remain Nothing. 

What is the Cube Root of 48228544 ? 

Refclvend. 

482 2 8 J 44 ( 3 64 true Rod 
Cube of 3 2± 27* ^ 

Divifor. — 

Square of 3 multiplied by 3 == 27 ) 2 1 2 Dividend. 
Subtraa the Cube Of 36 = 46656 

Divifor. ^ " 

Sq. of 36 multiplied by 3 t=: 3888 ) 15725 new Dividend., 
Subtraa the Cube of 364. = 48228544 

' ^ S~" 

In this Example alfo, the Number given is a true Cub^ 
for when the Cube of 364 in the Root, is fubtradted froi 
the given Refolvend, there will be no Remainder. ^ 



k Squareof 74multipliedby 3 = 1 6428 \6'/y6o 
Subtrad the Cube of 744 sz 41 1830784 



'The Extraction of the Cube Root. 51 

If the given Number be not a perfefl: Cube Number, 
(that is, hath not a Root expreffible exactly by any true 
Number) we may annex two or three Periods or Cyphers 
to it ; and for every Period (o annexed we fhall have one De- 
cimal Place in the Root ; as in this Example. 

What is the Cube Root of 413 ? 

4 • * 

412. 000.000 ( 7.44 Root. 

Cube of 7 = 343 

Square of 7 multiplied by 3=147) 690 
Subtraft tne Cube of 74 = 405224 



(1692 1 6) Remainder. 

In this Example, two Periods of Cyphers are annexed 
to the given Number; we have therefore 2 Decimal Places 
in the Root. 

Note. If the Cube of the Root (hould be greater than the 
Periods of the Refolvend from which it i< to be taken ; you 
muft diminifh the laft Figure put in th^ Root, till the Cube 
be equai to, or /f/r, than thofe Periods of the given 
Number. 



D t If 




25 7be Extraction of the Cube T^oot, 



If the Number given be either a Mixt Numbtr^ or a />/- 
cimal \ make the Number of Decimal Places either three^ 
ftxy nine^ &c. by annexing Cyphers to the Right Hand, 
that the roint may fall upon uie Units Place of the whole 
N umber. 

What is die Cube Root of 65.3 1 ? 

• « « • 
65.3 lo 000 jooo (4.0*7 Root 
Cu'beof4 = 64 

Square of 4 multiplied by 3=48 ) 1 3 
Subtract the Cube of 40 = 64000 



Sg. of 40 multiplied by 3 =4800)1310 
Subtradt the Cube of 402 =: 64964808 



Sq. of 402 multiplied by 3=161604)3451920 
Subtra<ft Cube of 4027 = 65304767683 



(5232317) 



There were, io this Example, but two Decimal Places j, 
we therefore annexed 7 Cyphers to the given Number, byi 
which Means a Point not only falls on the Unit's Place in»g 
the VVhole Number^ -but we gain 3 Decimal Places in the 
Root. . ' • 



To 



fbe Extraction of the Cube Root. 53 
To extraathe Citbe JRoot of a H^vA^m $X^itXi^ 



The beft Way will be to reduce it to a Decimal Fra<9:iort . 
.,__ _ it I and t 
Root as before. 



equal to it 1 and dien proceed in all Refpei^s to find its 



Let -I be a Vulgar Fraction given, whofe Cube Root is 
required. 

Firfi, reduce it to a Decimal thus. 

As 9 : 4 : : locoooooo 

4 



9 ) 4000000000 ( 4 over. 
.444444444 the Decimal Fraction. 



Then cxtraft the Cube Root of .44.4444444 (,763 Root. 
Uube of 7 = 343 * * 

Square of 7 multiplied by 3=147 ) 1014 
SiibtraA the Cube of 76 = 43S976 



Square of 76 multiplied by 3=^1 73 28 ) 54684 
jSubcradl the Cube of 763 = 4441 94947 

(2^9497) 



In like Manner the Cube Root of ~|4 will be found to 
be .91 2, with a Remainder of 81 16138, which the Learner 
Jnay try at his Leifure. 
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5.4 The Extraction 0/ the Cube Root. 

TAe life of the Cube iRoOt* 
Idtobinn I. 

To find two Mean Proportionals between any two 
Numbers given. 

Divide the greater Extreme by the lefs ; and the Cube 
Root of that Ouotient multipliea by the lefs Extreme, will 
give the leifer Mean ; then multiply the (aid Cube Root by 
the lefler Mean, and the Product will be the greater Meaa 
Proportional required. 

What are the two Mean Proportionals between 8 and 
titi 

Firft, 2 16 divided by 8 = 27 ; whofe Cube Root is= 5 ; 
which multiplied by 8 is == 24, the leffir Mean. 

And, the Cube Root 3 multiplied by 24= 72, the gnttttr 
Mtan. 

For, As 8 : 24. : : 7^ : 216 

In like Manner, the two Mean Proportionals between 
9 and 743 are found to be 27 and 81, 

For, As 9 : 27 : : 81 : 243 



1^0* 




Tbe Extraction of tht Cube Root. 55 
problem 2. 

I The Solid Content of any Veflel, or other Soh'd Body 
being given, to find the Side of a Cubt^ which ihall be 
iqual in Solidity thereto* 

ExtraA tbe Cube Root of the Solid Content of the given 
tody>and that Root will be the Side of the Cube required. 

C^jrample i* 

Suppofe the Solid Content of a Globij or Cylindifj Pv- 
wnid^ or Cone^ ice, be 157^64 cubic Inches, what is tne 
ide of a Cui4 (X equal Solidity ? 

1 57464 ( 54 Root ; the Side of the 
Cube of 5 = 1 1 ; • Cube, required. 

, c X 5 X 3 =: 75 ) 374 
litraa 54 X 54 X 54= 1574^4 



(o) 

<IKyample 2. 

Ind 

BCt C 

rery Way, viz. in Length, Breadth, and Depth 



jigging a Cellar of a Cubic Form, about 3375 Solid 
tct of Earth were carried out ; how many Feet was it 



Anfwer 1 5 Feet, as the Learner may try at his Lcifure. 
D 4 |Bto- 



L 



56 ^Tbe Extraction of the Cube Root. 

The Dimcnfions, Capacity, or Weight of a Solid being 

fivenj to find the Dimcniions* Weight, &c. t>f a like 
olid of a different Capacity and Dimenfion. 

Like Solids are in a (Triplicate or) Cubic Proportion to 
their like Sides ; it will therefore always be ; as the Cube 
of the Dimenfion given, is to its given Weight; fo is the 
Cube of any like Dimenfion, to the Weight required j 
and the contrary. 

c^rample i. 

Suppofc a Ball or Bomb of 4 Inches Diameter weiehs 9 
Pounds ; what is the Diameter of another of the fame Shape 
and Metal that weighs 84. Pounds? 

Ibt. Cube of 4. tbt« 

As 9 : 64 : : 84. 

64 




' 9 )537^oo? 
Then extraft the Cube Root 597.333(8.4RootihInchs« 
Cube of 8= 512 

8x8x3 = '9*« ) 853 
Subtract 84 X 84 X 84= 592704 

4529 
J\nfwer, 8 Inches, 4 Tenths, and fomethlng over. 
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Suppoie a Ship of 300 Tons Burthen be 7j Feet lone in 
the Keel ; what is the Burthen of another Snip, whofe Keel 
is 100 Feet long? 

Cabeof75. Tons; Cubeof loo* 
As 421875 : 300 : : loooooo 

300 

421875 ) 300000000 (71 i.;^Tons, theBur^ 
29^3125 then fought. 

468750 
421875 



468750 
4^1875 

468750 
4^1875 . 

{46875) 

(l^yampU 3. 

If a Globe of folid Silver 1 Inch in Diameter be worth 
us, 4,d. what is the Diameter of another Globe of the fame 
ietal, whofe Value is 4/. I7i. 4^. ? 

XDperaciom 

Shi2K Cube of i. Shillings. 

As i4-3'33 • > • 9»7-333 

I 



i 



H«333 ) 9'7-333 ( ^4 the Cube Root of 
85998 which is 4, the Diame* 
■ ■ ter required. 

57393 
5733*_^ 

D 5 IJro- 
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fBnblein 4* 

If a Cannon whofe Diameter at the Bore is 3.75 Inches, 
rrquire 4 Pounds of Powder to charge it ; what is the Dia- 
n^etcrof tbe Bore crf^ another Cannon that takes 20.8 Pounds 
to charge it? 

lb. CBbeofthcBore. lb. 

As 4 : 5*-734375 : *<>•« 
20.8 



421875000 
1054687500 ' 

4) 1096.8750000 ( 

ExtraS its Root 274.21875^ ( 6.49lnchcs, the Diameter 
2*6 required. 

6x6x3=108)582 
Cube of 64 262144 



64 X 64 X 3=4096) 1 20747 
Cubeof649= 273359449 



(859301) 



The Rcafbn of the whole Operation of the Extra<aion of 
Roots, cannot be pcrfeSly conceived, till the Learner has 
made fome Frogrefs in his Algebra. 
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A General Theortm^ or Rule for extrafting the Roofti 
of all Powers^ how high foever. 

Make a Dot over the Units Place, and fo over every 
Jtcond^ third, fourth^ fifths Sec, Figure, according as it is 
a» Square^ Cuie^ Biquadrate, SurfoUd^ &c. to be extraded. 

Seek the grealeft Square^ Cube, Biquadratic Sur/alidyScc* 
to the firft Period ; fet its Root in the Quotient ; and fub- 
trad its Square^ Cube^ Bi^uadrafe^ &c. from the firft Period; 
and to the Remainder brmg down the firjl Figure of the 
next Period Tor a Dividends 

Raife the Root to a Power lefs by Unity or i ; then the 
given Power whofe Root is required ; whether it be 
Square, Cube^ Biquadrate, ice. . and multiply it by the In- 
dex of that Power; as by 2 for a Square ; 3 for a Cube ; 
4 for a Biquadrate, &c. for a Divifor. Divide the Divi- 
dend by this Divifor, and fet the Figure in the Quotient. 

Then raife the Root to the given Power, whether it be 
Square, Cube, Biquadtate, &c; fubtra(ft it from the two 
firft Periods ; * and to the Remainder bring down one Fi- 
gure of the fucceeding Period, for another Dividend ; pro- 
ceed then to form the Divifor, and carry on the Operation 
in all Refpe<Sls as before. 

• If this Number be greater than the Periods from which Jt is to be 
fubtraftcd ; a iefs Figure muft be (taken in tlie former Divifion, than 
that laft) put in the Quotient or Root j and the Work muft be 
done over again. 



f 
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For the more cafy Procedure in this bufinefs, wc hiavc 
annexed a* Table of the Powers of the feveral Roots to the 
fixth Power, which the Learner by a continued Multipli- 
cation may carry on through the nine Digits himfelf. 



Rooty or 
firft Power 




2 


3 


4 


5 


6 


7 


8 


9* • 


Square^ or 
fecond Power 




4 


9 


16 


as 


36 


49 


64 


81 


Cube, or 
third Power 




8 


»7 


64 


«»5 


216 


S43 


511 


719 


Hiquadrate^or 
ourth Power 




x6 


81 


256 


625 


1296 


jt40i 


4096 


6561 


SurfoUd, or 
fifth Power 




3* 


H3 


1024- 


S125 


7776 


16807 


32768 


59049 


^uaredCubey 
»rfixth Power 




64 


7*9 


4096 


15625 


46656 


I 17649 


26Z144 


511441 




















« 



A few Examples will make ail plain. 

C&irample i. 

What is the Square Root of 204304 ? 

iiDperatiatt* 

204304 (452 the Square Root re- 
Square of 4 rr: 16 ' ' required. 

4X2 = Pjvifor 8 ) 44 Dividend. 

45 X 45 = 2025 Subtrahend. 

45 X 2= 90 ) 180 Dividend. 
452 X 452^=204304 Subtrahend. 

\ 1^0 

^ ^^ • Note, the feventh Power is called the feamd SurfoUd.\ the eighth 
i ^ower ia the Biquadrate fquartd \ and the nintli Power is the C«*/ 
\ <ubid. 



u 




3*he Extraction of the Cube Root. 

What is the Cube Root of 92345408 ? - 1 

9234(^408 ( 452. Cube Root re- 
Cube of 4 =: 64 ' * quired. 

4 X 4 X 3 =Divifor 48)283 Dividend. 

■ ■ ■ ') 

45 X 45 X 45 =.91125 Subtrahend. 

45 ^ 45 X 3 = Divifor6o75) 12204 Dividend. • ;^ 

452 X 452 X 452 = 92345408 Subtrahend. S[ 

C^jtample 3. | 

What is the Biquadra,te Root of 41 7401 24416? S 

£>peratiQm I 

'41740124416(452. 
4x4x4 X 4= ^256' • I 

4X4X4 X4^=Divifor 256 ) 1614 Dividend. ^^^ 

45 X 45 X 45 X 45= 4100625 Subtrahend. ^^^ 

45 X 45 X 45 X 4 = 3,64500 ) 733JB74 Dividend. >^ 

452 X 452 X.452 X 452 = 4^7401^441 6 Subtrahend^ 

t5» The Bi quadrate Root of any Number may be found 
l>y extrafling the Square Root of the given Number firft, 
a^d then extracting the Square Root of that Root. 
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But as the Extraction of Roots higher than the Btquadrate 
are difficult in common Numbers, on Account of their high 
Involutions (or Multiplications); we will now point out 
an eafier as well as fhorter Method of extra£ling the Roots . 
of all Powers and Numbers, how high and large fo ever, by 
the Logarithms. 

mute* 

Seek the Logarithm of fevcn, or (if poffible) eight of the5 
leading Figures of the Number given, and prefix to that Lo- 
garithm art Index anfwerable to the Number of Places in 
the whole .Number, (/. e. one lefs than the Number of 
Places) that Logarithm being divided by the Index of the 
Power, whofe Root is fought, as by 2 for the Square ; 3 for 
the Cube ; 4 for the Btquadrate ; 5 for the Surfolid^ &c. the 
Quotient will be the Logarithm of the Root required. 

What is the Cuhed Cube Root (or ninth fower) of 
4722366482869645213696? '^ 

We find the Logarithm of the feven leading Figures 
4722366 to be 674 1 5963, and confequently the Index to be 
prefixed is 21 ; becaufe the given Number confifts of ft 
Places. This intire Number (Logarithm and Index) 
21.6741^963 being divided by 9, the Index of the Cubed 
Cube or ninth Power, the Quotient will be 2.40823995, the 
Logarithm of 256, the Root required. 



A COMPENDIOUS COURSE 

O F 

PRACTICAL GEOMETRY. 



GEOMETRY is that Part of Mathematical Learning, 
v/hich teaches how to meafure the Earth, and deter- 
mine the Magnitude and Diftance of all Bodies contained 
therein. It is of the utmoft Ufe in Life ; for here nothing 
can deceive us, by appearing bigger or lefsy-^higher or 
kwery-^neartr or fitrfbir off^ than it really is. 

This Scfence is of very remote Antiquity, and fuppofed 
to take its firft Rife in Egypt. * The inhabitants of that 
Country were in a.Manner corppelled to invent it, to Re- 
medy the Confufion, which generally happened in their 
Lands, from the Overflowings of the River JV//f, which 
carried away all their Boundaries, and totally effaced the 
Limits of their Pofleffions. Thus this Invention, which at 
firft confifted only in laying out and meafuring the Lands, 
that every Perfon might have what juftly belonged to him, 
was called Geometry, and it is probable, that the Draughts 
a^ Schemis which they were annually compelled to make, 

* It is generally allowed tliat the Chaldeans were firft pofTefTed of the 
'Mathematical Sciences, which muft imply a Knowledge of Gsometry* 
'Whether Abraham (as fome learned Men think) taught thefe Sciences 
firft to tte JEgyptiansyVf\i&[i he went from Ur of tht Cbaidees, is not clear ; 
but on this we may depend, that the Egyptians were the fii*ft People 
that cultivated Geometry^ and applied it, as the Word exprefles, to Land 
Meafure : they being compelled thereto by a Kind of Neceility, in order 
to aicertain every Mao his legal Property and Eftate, in a Country 
where Boundaries and Land Marks were fwept away and confbtmded 
by yeady Inundations. 

helped 
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helped them to difcover many excellent Propertied of thcfc 
Figures, which Speculations continued to be gradually im- 
proved, and are ftill improving to this Day. 

From Egypt Giontitrj pafled over into Gretce^ where it ' 
continued to receive new Improvements in the Hands ofthc 
Learned ; ♦ and at Length it grew into fuch Value and 
Eftimation, that Plato^ who flouriflied about 300 Years be- 
fore Chrift, would admit none to his Ledures who had ^ 
not made fome Advances in it, thinking them not capable 
or fit Hearers. Whence that famous Infcription (iaid to 
be written) over 'his School Doors, f—X/^K^?/// /^w^rfl^/ ^f 
Ggomitry tnter here. 

For the Purfuit of Geometrical Speculations will not only 
inure us to attend clofely to any Subjeft ; to feek and gain i 
clear Ideas j to diftinguiih Truth from Falfhood ; to judge 
juftly and argue truly 5 but do hy their own Nature more 
direSly fumim us with all the various Rules of thofe ufeful 
Arts and Sciences of Life, viz. Menfuraiion^ Archtte£lurey 
Fortification^ Navigation^ Dialling^ PerJpeSfivey Optics^ 
Mechanics^ Afironomy\ and, in ihort,with a perfeia Know- 
* ledge of (all Things meafurable in) the Heaveni and the 
Earth. 

• Thcdes^ Pythagoras ^ Archimedes ^ Euclid^ &c. 



Ceo- 
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tCeometrical Definitiontf, 

DEFINITIONS arefliort Defcriptiom of Things ex* 
ffeffive of their feveral Properties. 

A Pointy which is the very Beginning of Magnitude, , 
fuppofea to be fo fmall as to have no Parts ; neither 
tengtn, nor Breadth| nor Thicknefs, as the Point A. ^ 

(A) 

Potra 

A Lim is fuppofed to be made by the Nfotion of a Pointy 
md 4)ath Length, without Breadth or Thickne&. 

If a Line be quite fijrait, it is called a Right Lim^ as A B, 
A 'Right 'Line « • 



If the Line be bent or crooked, it is called a Curkt Lins, 
CD. 




• A Pwtt is the finalleft Objeft vifible to the Eye 5 it is fuppofed to be 
I (mall as to have no Geometrical Magnitude, and is made by the 
bint of a Pin» Pen> or Pencil> as the Point A abore. 



If 
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If a Line turns backward and forward, it is called a S/r- 
pintim Liniy2i$EF^ 




If two Lines run equally diftant from each other, tbef 
are called Parallil Linei^ as G H and I K. 



1 . 



.H 



.K 



If two Lines lean or incline towards each other, they will 
at laft ineet> which Place of Meeting is called an jfngUt 
as A. 



A. i<Z^AftAMlt 



If one Line fells pcrpendicuarly on another, the Angle 
made by their Meeting is called a Right Anglt^ as at B. 



R^litAr^U 



If 



Practical Geombtrv. 



67 



If Ae Lines incline to each other, the Angle made is 
s6 than a Rigjit Angle, and is faid to be jicute^ as the 
oigle C. 



.If one of the Lines fall backward* the Angle is greater 
lan a Right Angle, and iald to be ubtufty as the Angle D. 



A Line going ftoiaone Comer <^ a Figure to the other 
i called a Diagonal^ as A B. 




If a Line bends round regularly returning into itfelf, it it 
ailed a Pn-iphtryy or Circumference '^ and all the Space 
rithin is called the Circle. The Point in the. Middle is 
ftUed the Center, as at C. 




If 
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If a Line pafles exadHy acrofe the Middle of a Circl<^ 
from one Part of the Circumferenco to the Part oppofit« 
dividing it into two equal Parts, it is called' a Diam^ter^n 
A B« * 




A Right Line f^affing acrofs a Circle in any Fart, ex* 
cept it be exafily in the Middle, divides it into two unequal 
Parts, which Parts are called SignunH of a Circle. Sudk 
Line is called a Ci^^r^ as C D, and the Part of the Circuol 
ference lying between is caUed an Arch, as C R D«. | 




J 

A Right Lmc being drawn fronr the Middle or Center a| 
a Circle to any Part of the Circumference^ is called % 
Radius ox Sitni^diameUr^y as C R, 




If 
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If a Line bends or coils rouml like the Spring of a Watch, 
is called an' Helix or Spiral Line, as B. 




A Right Line falling perpendicularly upon the End of 
Diameter, fo as juir to touch the Arch of a Circle, is 
led a Tangent^ as B C in the Figure below. 



A Right Line drawn from the Cen-"' 

of the Circle through the Arch 1 

it meet the End of the Tangent, 

ailed the Secant of that Arch, as ' 

C. 

\ Right Line falling perpendicu-1 
y from any Part of the Arch upon I 
Diameter within the Circle, is \ 
ad a Sitify as E F- .J 

rhat Part of the Diameter inter- 
>tcd between the Sine and Tan 



M, 



is called tlie yer/ed Sine^ as 



] 




Cto- 



ItR 
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aeometttcal Sb1om0. 

• Axioms are Propofitions which contain (elf-evidea 
Truths : The Principal are thefe that follow : 

SLfwm i« 

The Whole is greater than any of its PartSi ' 
All the Parts taken together are equal to the Whole* 

ayfom 3* 

Two Things that are equal to a third, are equal betwc< 
themfelves. 

Sttitm 4- 

If two equal Things are equally increafed^ or diminiihe 
they ftiU continue to be equal. 

If two equal Things are increafed or dimjuifhed unequd 
they will become unequal. 

ayiom 6* 

From' Nothing, Nothing can arife ; nor hath it at 
Properties or Dirtienfions of Lengthy Brendthy or Thh 
nefs. 

^ All thefe Truths hold good, not only in Numbers, t 
dfo in Lines i Superficies ^ and Solids. 



^l 
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45eometrtcal l^wfilemiaf* 

DcF* Problems iff Pradlical Geometry are Propositions 
Wherein fome Operation or Conftruftion is required or pro- 
Wed to be done; as to divide Lines, Angles ; ere£t or fall 
perpendiculars, &c* ' 

^o divide the Right Line A B into two equal Parts. 

6 5.. d 



Conftru£iion. f*irft opfen the Cdmpafles to more than 
alf the Length of the given Line ; with that Widcnefs, 
iing oae Foot in A, deicribe the Arch bc^ then fet one 
Dot in B, and defcribe the Afch dj^ interfering the for- 
er in the Points C and D. Laftly, through the Points 
and D draw the Right Line CD, and it will divide the 
^cn Line A B into two equal Parts, which was required* 
f 
t^» This Problem is xMmV in dividing Meafurw into finall equal 
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^toblem 2. 



•1 



To ere£f a Perpendicular oh any Point in a Right Lim 
given. 

Suppofe upon the Point C on the Right Line A B. * 



A... 


^ 


e 


A 

\ 
1 



JE C 3P 



fconftru6Hon. P'iift open your Compafles any Widcne 
and fetting one Foot in the Point C, with the other ma 
two DaChes at E and F ; then opening your Compafles ai 
Diftance greater than the former, fet one Foot in E, SK 
\yith the other defcribe the Arch h h \ with the fame Ext« 
fetting one Foot in F, with the other defcribe the Arch^ 
intcrieding the former at D. Laftly, through the Pok 
D and C draw the Line D C, and it will be the Perpem 
cular required. 



^^ This Problan is not only uieful to Mathematicians, but alfo \ 
moft to all Artificers, d'pecially thofe who ai'c obliged to make uie < 
true Squares, 



}pr» 
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problem 3. 

To ereft a Perpendicular on the End of a Right Line. 

Let A B be the Line given ; and let B be the Point on 
which the Perpendicular is to be eredled. '* 






_ Conftru<ftion. Firft open your Compafles to any fmall 
Sftance, andfetting one Foot in the Point B, defcribe the 
trch bed* The Compafles remaining at the fame Wide- 
•6, fet one Foot in r, and defcribe the Arch fd\ with the 
iicr in d^ defcribe the. Arch cg^ interfering the former in 
b Laftly, from E draw the Line E B, which will be the 
wpendicular required, 

t^ SurveytWs Pialling^c. cannot be carried on without 
e continual Ufe of this Problem. 



m^ 
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^ttAltm 4- 

To let M a Perpendicular upon a Right Lipc given 
from a Point at any Diftance above it. 

Let A Bbc the given Line j and let C be a Point above 
it, from whence the Perpendicular is to fall. 



t 






E 



ConftruiJHon. Firft, with the Compaffes opened fome^ 
thing wider than the Diftance which the Perpendicular is tq 
fall, fet one Foot in the Point C, and with thfe other d& 
fcribe the Arch E D F, interfefting-the given Line at E aro 
F. Then, from the Points E and F ftrike the crofs Dafhcj 
at G. Laftly, draw the Line C D, and it is the Perpendi- 
cular required. 

^ The greatcft Part of the Praftice of Mechanics con- 
fifts in the Knowledge of drawing (both upward and down- 
ward} Perpendicular Lines. 




pRACTiCAt Geometry; • i$ 

To draw a Line parallel to' anodier Line given, at any 
Dilbhce propofed, 

I^ the Line given be AB, and the Diftancc of the Pa- 
^llels equal to the Line £• 



I> 



A . 



Conftruftion. Fiifft, open your Compafles to the 
bgth of *d|e Line E, the Efeftance required; Set one Foot 
the PoinA,, and defcribc an Arch on the Side you are to 

w the PSallel on, as at C* Do the like from B to D. 

tly- by the Convexity of thefe two Arches draw the 
C I>, which will be the Parallel required. 

13» The Ufe of Parallel Lines is very great in Naviga^ 
pi, and the Conftrudlion of fome Kinds of Dials, 
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To protraO^ or lay down an Angle of aAy Number of 
Degrees. 

Let the Angle to be protxz£ked or delineated cosiitfl: of 
40 Degrees. 




Conftru£kton. Firft, with any Radios, or Opening of 
Compailcs upon the Point C, defcribe a Circle, which 
vide into 360 equal Parts, called Degrees ; then fron:i 
Center C draw two Lines, one through the Begtnnin] 
the Degrees, and the other through 40, and it is done : _ 
caufe all Angles are eftimated or meafured by the Numl 
of Degrees contained in the Arch of the Circle intercept 
between the Legs that form that Angte. 

Note* If the Angle contains lefs than jo Degrees, it| 
faid to be Jcute. If exadly 90 Degrees, it is a Right /fng 
If more than 90, it is Obtuje.*^ and fo continues to 1 80, 
which Place the Angle vaniihesj the Legs becoming 
Right Lim* 



.J 
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latobfom 7. 

To divide an Angle given into two equal Parts. 

^, Let A B C be the givea Angle^ and let it be required to 
;(biie£t or) divide it into ty(<x equal Parts. 




ConftruSion. Firft, having opened the Compafles to 

B convenient Widenefs, fet one Foot in the Point B, 
defcribe the Arch acb^ cutting the Sides in- a- and b', 
Kn with the fame or any Extent at Pleafure, fetting one 
Spot in Oj defcribe the Arch //; with the lame Extent fet 
B Foot in by and defcribe the Arch etj cutting the former 
D. Laftly, draw the Line B D,. and it will bifeit, or 
ide the Angle into two equal Parts, as required. 

1^ By this Problem, a ^adrant may be divided into 
rtain Degrees : and the Siaman*s Compafi expeditioufly 
rided into 32 Points. 

E 3 |0ro. 
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To make an Angle equal to an Angle given. 

Let A B C be the given Angle; and let it be tequired to 

make another Angle equal to it. 




Conftruftion. Firft, upon the Angular Point B^vvit 
any Opening of the Compafles, defcribe the Arch a b. Tbct 
upon the Point E, (having drawn the Line FE) with ti 
fame Extent of the Compaflfcs defcribe the Arch €d^ nea 
take the Arch a'b in the Compafles, and fet it from c to , 
Laftly, draw the Line^E^/D, and it will make the Anf 
F £ D, equal to the Angle A B C,^8 was required. 



J 

' *♦* When an Angle is exprcfled by three Letters^ the 
middle Letter exprefles the Angular Pdinty and the firtt aiul 

laft the End of the Legs. 

j3f* This Problem is fo necef ary, that Surveyings Foril^ 
ficationy Perfpe^ive, &c. cannot be performed without it. 
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problem 9* 

To divide a given Right Line into any Number of 
equal Parts* 

I Let A B be the Line given, and let it be propofed tp be 
divided into^;i? equal Pares. 









" , 






Conftru£tion» Firft^ from the End B of the given Line 
iw the Line B C, making an Angle of any Qua;itity 
ik the Line A B. Then from the other tnd A draw 
bLine D A (parallel to B C by Problem 5, or) making 
fc Angle DAB equal to the Angle C B A by the laft 
■bieni. NextL on the Line' B C, with any fmall Opening 
idle Compafles, beginning at B, make the five equal 
Ranees at i, 2, 3, 4, ^. Alfo fet off* the fame Diftances 
I the Line AD, beginning at the Point A. Laftly, draw 
mes from 5 to i j from 4 to 2 ; from 3 to 3, &c. as in the 
ture, and they will divide the given Line A B into 6 
pial Parts, as required, 

1^ By this Problem, a Line may be divided after the 
be Manner as another Line is divided, with great Exadt- 
fe and Precifion. 

E 4 |0ro- 
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To make a Trtangliy each Side of which (hall be €qual 
to a given Right Line. ' I 

Let L be the Line given, and let it be required to make I 
vk Triangle, having each Side equal to the find Line« '' 




a^pvMiP 



'■•■■■■■■•■••■■■■■I 



>•■•••• ^ 



ConftruSion. Firft, draw the Line A C fomething longei 
than the eivcn Line L. Take the Line L in your Coi 
pafies, and fet it fiom A to B. With the fame Extent 
the Compafles. place one Foot in A, and defcribe the Ai^ 
a a. Then place one Foot in B^ and ftrike the Arch ii 
interfering the former in the Pomt D. Laftly, from *' 
draw Lines to A and to B, fo will the Triangle be form 
having each Side equal to the Line L, as was required. 

l3r This Figure is called fln EquilateralTrian^le, becaufl 
all its Sides are equal, and may be ufefuUy applied (wher 
defcribed on a Board) in taking inaccejjible Dijiances^ 



i^to. 
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To make a Triangle whofe three Sides (hall be equal to 
three given Right Lines, provided that any two or them 
be greater than the third, 

' Let A,, B, and C, be the three Lines given, with which it 
is required to make a Triangle. 



Ar 
0- 




i.Cbnftru£Kon. Firfl:,take the Line A in the Compaflc^s, 
"1 fet it from D to E ; then take the Line B in the Com- 
ics, and fetting one Foot in E, defcribe the Arch cc. 
at done, take trie Line C in the Compafles, and fetting 
be Foot rn D, defcribe the Arch e e^ interfering the other 
iF. Laftly, from F draw the Lines FD and FE, fo 
Jl the Triangle be formed, whofe three Sides are equal to 
^^ "Lines', A^ B, and C, refpeftively. 



1^ We make Ufe of this Problem in Surveyings &c, to 
nake a Figure equal to another given^ by dividing it into. 
triangles^ and taking off the Sides as above. 
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f^nhlcm 12. 

SidcsfliaD be equal to a givdi 



To male m Square 
Right Line. 



Let F be the Itight Tinc^ with ^icfa it is required to 
make die Square A B C D. 



T 




J 

Conftruflion, Firft, take the Line F in the Compaflisi 
and fet it from A to B. Next, on the Point B ered tJicj 
Perpendicular B D, by Problem 3, equal to the Line F« J 
With the fame Widenefs of the Compailes, fetting on^l 
Foot in D, defcribe the Arch ao ; and with the fame txtentj 
of the Compafies, fetting one Foot in A, defcribe the Arch.] 
e fj cutting the former in C. Laftly* from C draw Lines! 
to A and D, which will complete the oquare required. 

^ ArchiteSis^ Surveyors^ ice, make life of this Problem 
in laying oiit Ground for Buildings^ or for P/eaJun; 
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To make a Parallelogram, or long Sauare,who(e Length 
and Breadth fhall be equal to two KJght Lines given. 

Let the two Lines given 1)e A and B j the former the 
Length, and the latter the Breadth of the Parallelograna 
required to be made. 




Conftru<aion. Firft, take with the Compafles the Length 
ef the Line A, and fet it from C to D ; upon the Point D 
wed a Perpendicular D E, equal to the Line B. Then 
take the Line A again in the Compafles, and fetting one 
Foot in E, defcrib^ the Arch o \ next, take the Line Bin 
Ae Compafles, fet one Foot in C, and defcribe the Arch 
4 By interfe<aing the other in F. Laftly, draw the Lines 
F C and F E i and C D E F will be the Parallelogram re- 
quired. 

%^ This Problem, like the laft, is equally ufeful to 5«r- 
ve^orsy ArchiUSis^ and Michanics. 



E 6 



ro- 



"1 



84 Practical Geometry, 



laroblem 14. 

To make a Rhomb usy each of whofe Sides (hall be equ^ 
to a given Right Line ; and whofe acute Angle fliall alio be 
equal to an Angle given. 

Let the Line given be A B, and the Acute Angle C A B^ 
to delineate a Rhombus, whofe Sides and Acute Angles 
fhall be equal thereto. 
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Conftruftion. Firft^ make the Angle at D equal to the. 
Angle A^ by Problem 8. Then take the Line AB in the 
Compafles, and fetting one Foot in Dy defcribe the Arch a b^ 
cutting the Side D Fin F. Next, on the Points F and £, with 
the fame Extent A By defcribe the two Arches Oy and ee^ 
interfering each other at G. Laftly, draw the Lines F Gr 
and E G, fo will the Rhombus DE G F be formed, cor* 
refponding with the Line and Angle given. 

Note. In like Manner any Rbomboides^ whofe Length, 
Breadth, and Acute Angle are given, may be eafdy con^ 
ilriiiled* 
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To divide the Circumference of a Circle into any Num- 
ber of Parts not exceeding ten. 

Let A F C G be a Circle given to be fo divided.. 




CcMiftruSion. Firft, draw the Diamicter A E C, which 
will divide the Circumference into two equal Parts. Take 
ihe Semi-diameter A E or C E in the Compafles, and fct- 
ring one Foot in A, with the other make in the Circumfe- 
rence the Points B D, which Line B D will divide the Circle 
into % equal Parts, Divide the Diameter A C into two 
equal Parts by Problem i. at right Angles with F G, and 
draw A F, wnich will divide the Circle into ± equal Parts. 
Next^^fet one Foot of the Compafles in H, where the third 
Part B D cuts the Diameter A C, and extend the other to 
Fj and defcribe the Arch F 1 ; then draw the Line F I, 
wnich will divide the Circle into 5 eaual Parts. The Semi- 
diameter A E or C E will always divide the Circle into 6 
equal Parts. Half the third Part, /. /. B H or H D, will 
divide the Circle into 7 equal Parts. Divide the Angle 
A E F. by Prdblem 7, into two equal Parts with die 
Line E K, cutting the Limb in K; then draw AK, and 
that Line will divide the Circle into ft equal Parts. Take 



one 
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one third of the Arch BAD, as D L, and that Space will 
divide the Circle into o equal Parts. Laftly, take the 
Line £ J in the Cpnipaues, and that Diftance will divide 
he Circle into lo equal Parts. 

Now, if fcveral Circles be defcribed with the fame Ra- 
dius or Semi-diameter as the foregoing, and the Lines be 
taken off with the Compafles and applied to the Circum- 
ferences of thofe Circles, they will mank out exa£Hy the 
Divifions intended, as i$ very evident from the following 
Figures. 
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Note. The infcribed Figures are called Regular Poly-- 
gons^ and take their Names from the Number of Sides and 
Angles that bound them. 

f^ Hence we fee, that. P^lygotu defcribed in Circles 
degenerate at laft into Circles'. This Problem is very ufeful 
in tracing Ground for Forts and Citadels j and may be of 
Help in/quaring the Circle. 

ipro- 
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^ttMtm 1 6. 

The Arch* of a- Gircle being given, tt> find the Center^ 
or, three Points being given not fituated in a Righ^ Line^ 
to find the Center of a Circle, which featt^pais through 
thofe three Points, 

Let the Aicb given 1>e A B D, and it be required to find 
its Center. ' 






^ ; 



ConftruiSHon* Firft^ make three Points in the Arch at I 
any Diftance from eacn other, as at A; B, 13. ^ Next, open ] 
the Corapafles from one Point to the other, as from A to B ;l ' 
and with that Diftance,, letting one Foot in A, defcribe an, 
Arch above and below, at b and a ; th^n,. fettin^ the other j 
Foot in B, ftrike Arches acrofs the other, and draw thet 1 
Line b a. Next, fet the Compares in B and ^^ and ftriki^^y 
Arches interfering each other at d and e. Laftly, lay a 
Ruler from d to /, and draw the Line d e continued ; and 
where it inteEfcSs the. other Line i a continued, that Point 
oflnterfedion wiU be the Center of the Circle required. 

(j5* This Problem is very ufeful in defcribing Curue 
Lines in a Suadrant; and completing CircUsyof which wc 
have but a Part given* 
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^vtAltm 17. 

To draw a Tangent to a given Circle, that fhall pa& 
through a given Point. 



Let B D E be the given Circle, C its Center, and A the 
Point from whence the Tangent is to be drawn. 



Conftru£tion. Flrft, from the Center of the Circle C> 
draw the Line C A, and divide it into two equal Parts in 
the Point a* Then, upon the Point ^ with me Diftance 
A a or acj taken in the Compafies, defcribe the Semicircle 
lik B C, cutting the given Circle in B. Laftlv, through 
Pme Pomts A and B, draw the Line A B, ana it will be 
the Tangent required. 

j^ The Ufe of a Ten^ent Line is^ very great in all Parts 
of the Mathematics ; and fb great in TrtgOMmetry^ that 
the whole Branch is founded upon it. 
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^ To defirribe a Geometrical Oval j the Length only being 
given. 

Let A B be the Length of the Oval required to be made* , 




ConftruAion. Firft, draw the Line A B equal in 
Length to that of the Oval. Divide it into 3 equal Parts, as 
A C, C D, and D B. Then, opening the Compafles to 
the I)iftance of one of thofe Parts, dcfcribe upon the Points 
C and D two Circles, iaterfedHnr each other in the Poiqcs 
a and r. Next, taking^. the whole Diameter <tf one c^ the 
Circles, as A D or C B, fet one Foot in c^ and dcfcribe 
the Arch hd. Laftly^ with the (ame Widenefs, fet one - 
Foot in a^ and defcribe the Arch jib, fo will the Figure 
AhdB b g be the Oval required.. 

t^ This Method (as well as the following) of de- 
fcribing Ovaby is very neccffary for yoinersy Cabinet Maker s^ 
and other Afechanics. 
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|0teW«n 19. 

To defcribe a Geometrical Oval by another Method* 

[ hct A B be the Lengdi, and CD the Breadth of the 
lequired Oval. 
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Conftruftion. Firftj fet the two Diameters acrofs each 
other exafUy in the Middle, anddivjde each Part into two 
oqual Parts, fifittai cd- Then through thefe Divifions 
draw crofs Lines, fomething longer than the longer Dia- 
«ieter» a$ in thp Figure. . Next, fttting one Foot of the 
Compafles in ^/, open the other to the End of the (horter 
Diameter at C, and dcfcribe the Arch eCf-y alfo, with the 
(ame Extent,' fet one Foot in ^, and detribe the Arch hT>g. 
J^afthr, take in the Compafles the Diftance from « or ^ to 
the End of the longer Diameter, and with that Extent, fet- 
ting one Foot in a and r, Befcribe the Arches eKh^ and 
/ a g^ which will complete the- Oval required. 
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problem ao. 

Two Right Lines being given, to find a third Propor-* 
tional. 

Let the two Lkies riven be A and B, and let it be re- 
quired to find a third Line in Proportion thereto^. 




1 



Conftruaion, Firft, at the Point C, on the End of the 
Line C E, make any Anrie at Pleafure, as D C E. Thei^ 
taking the Line A in the Compafles, fet it from C to «, oif ' 
the Line CD. Next^ take the Line B, and fet it from C, 
to A, on the Line C D j and alfo on the Line C E, from" 
C to /. Laftly, draw a /, and make h d parallel to it 5 fi> 
will C dl^ on the Line C E, be the third Proportional re-* 
quired. 

For, as C J is to C J, fo i& C r to C d. 

\^ The Conftrufliion and Ufe of the ^e£lor is founded 
on this and the following Problem* 
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Three Right Lines being given, to find a fourtb Propor-i 
tional. 

Let A B C be the three Lines given, and let it be re- 
quired to find a fourth. Line in. Proportion thereto. 




Confiruaiom Firfl^ at the Point D, at the End of the 
Line D F^make an Angle of any Quantity at Pleafure, as 
E D F. Then, taking the T^ine A in the Compafles, fct 
k from D to by on the Line D £. Next, take the Line B, 
and fet it from D to ^ on the Line D F. Then take the 
pne C, and fet it from D to ^ on the Line D E* Laftly, 
loin b Cj and draw de parallel to it, fo will the Line D € 
wihe fourth Proportional required. 

For, as DI is to D Cj fo is D d toD e. 



' tip Thefe two Problems do the Work of the Ruk of 
Tbr0f^ without the Ufe of Arithmitic, 
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^vAixm 22. 




To find a Mean Proportional between tivo &ight Lidea 

given. 

Let A and B be the twd given Lines, and let it be re<* 
quired to find a Mean Proportional between them. 






r-r ^^ 






Conftruftion. Firtt, draw the Line D £ at Pleafure^: 
upon which fet with the Compafles the Line A from E> t< 
h ; and alfo the Line B from b to E. Next, divide th 
whole Line D E into two equal Parts in the Point C. Then 
upon C, with the Diftance C D or C E^ defcribc the Setni^Tj 
circle D F E, Laftly, from the Point h draw the Line ^ F , 
perpondicular to the Line D E, and it will be the meaa^ 
rroportiohal required. 

For, as D i is to i F, fo is i F to i E. 

^ By the Help of this Problem we can find the Square 
Rod of any given Number; and readily reduce a /o/ig 
Square to a perfi6i One. 
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To divide "z Right Line given into extreme and ^eaft 
Proportion ; that is, to cut a Line fo that the Produd of 
*e whole Line and one of the Parts fhall be equ^ to the 
Square of the other Part. 

Let A B be die Right Line given to be fo divided* 
IP JD 
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Cdnftru£Hoh. Firft, on the Point A, ereftthc Perpen*- 

iruJar A D ; and produce it downwards aljb toward C. 

ext, make AC equal to half A B. Thei>, iipon the 
bint C, with the Diftance C B, defcribe the Arch B D ; 
ind upon the Point A, with the Diftance A D, defcribe the 

Tch D E, which will cut the Line A B in the Point E 
J exireffie and mean Proportion^ as required. For the 
[rea. Rectangle or Produd A^ e d made of the whole 
inc A B, and the Part B E, will be equal to the Area or 
quare A £ F D made on the other Part A E, ^ 

Korj as B E : E A : : E A : A B. 

tj* By this Problem we find (Geometrically) the Length 
tf tnc Sides of fome of the regular or Platonic Solids. 
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I^volilem 24. 

To defcribe a fpiral Line abouljp given Line. 

Let A B be the given Line about which the fpiral Line i 
to be defcribed. 




Conftruaion. Firft, divide Half the Line A A or i 
into as many Parts as there are to be Revolutions o£th 
Spiral, as in c ^ A and df B, which in this Cafe we wl 
fuppofe to be Three. Next, divide h c into two equi 
Parts in a ; then, upon the Point u defcribe the upper Se 
micircles cb^ ed^ A/. Laftly, upon the Point h defcrifa 
the under Semicircles c d^ ef^ A B, which will complet 
the Spiral required, ^ 



^ This Problem may be ufeful to ArchiteSfs in drdiv« 
ing the C<7^/Vtf/x of fome Orders in Building j particular!) 
the Ionic. 
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To reduce any Right Lined Figure to a Triangle equal 
t0 it. 

Let A B C D E be an irreg'ular Figure of five Sides to 
be reduced to a Triangle equal thereto. 




:*Conftru£Honi Firft, continue the Side A B to t* and G 

Pleafure. Ncxt^ draw the Diagonals D A and D B t 

,n draw E F and C G parallel to D A and D B. Laftly, 

iw the Lines D F and D G 5 (o will the Triangle D F G 

equal in Area to the irregular Figure ABCDE re- 

ircd. 

After this Manner may a Trapetium or any other feight 
Aticd Figure be reduced to a Triangle equal to it. 

X^ This Problem is ufeful in Surveying, to find the Con- 
tent of an irregular Piece of Ground at one Operation ; 
Irithout dividing it into many Triangles^ Trapemums^ &c. 
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To determine the Height of a Statue, which is^o be 
ereded .on al3uilding at any Altitude above the Level of 
the Eye. 

Let C B he a Statue 6 Feet in Height ; and let it be re-, 
quired to find what Height a Statue muft be to appear of 
tho fame Dimenfion when placed at D, on the Top of the 
Pillar DB, 50 Feet above it. 




Conftru^fion. Firft, drawthe Line AB} and let A bd 
the Station from whence the Figures are to be view^ed* 
Then opening the Compaffes to any convenient Widenefe, 
fet one Foot in A, and defcribe the Arch//<7. Next, dra\ir 
the Lines A D and A C» Now, becaufe all Obiefts ap- 
pear under a certain Angle in Proportion to their Diftances 
from the Bye; and becaufe, when thofe Angles appear 
equal, the Objeils, however placed, will appear fo too j 

take 
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take therefore the Arch b a in the Compafles, and fet it 
from < to dj and draw the Line A dE^ (making the An- 
gles d^Acy and b A a cqUal) fo will the Figure E D ap- 
pear to the Eye at A of the fame Height as the Figure C B 
ftanding 50 r eet below it, . 

Note, If E D be meafured on the (ame Scale on which 
C B meafures 6 Feet, you will hare the Number of Feet that 
the Statue E D muft be made to appear 6 Feet in Height 
when elevated 50 Feet above the Level of the Eye of the 
Spedkator. 

Note. By this Equality of the Fi/uHl /fngleSj we are em- 
powered to write upon a Wall or Building Charadters, 
which, though very unequal, (ball appear of the fame Size 
when feen from a certain roint of View. 
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geometrical Cpotentsfi 

Theorems are Propolitions {hewing the Nature and Pto*. 
perties of Geometrical Lines^ Angles, and Figures. 

• A Right Line A B ftanding any how upon ailother Right 
Line C D)^ makes the Angles equal to two right Anglesi 



That is, the Angle A B D and the Angle ABC together 
are equal to a Semi-circle, or i86 Degrees j equal to twd 
Right Angles. -j 

Cgeotem 2. 

A Right Line A B interfering another Right Lijde G Dj 
in the Point ky makes the oppofite Angles equal.- 




That is, the Angle Abcis equal to the Angle B d D^' 
and the Angle A f D is equal to the Angle C^ B. The 
oppofite Angles are equal, becaufe the oppofite Arches are! 
equal ; and all the Angled together make a Circle, or s^o^ 
Degrees, 



A Right Line A B croffing two Parallel Lines C D and 
£ F, ^mSus the oppoGte Angles at each Interie£lion equaL 
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TTiat is, the Angles tf, *, r, ^ are equal to each other ; 
md the Angles #» /, gj b^ ace alfo equal ^ becaufe the 
Arches intercepted are equaL 

iThe three Angles of every RJg^t Lined Triangle art 
lual to two Right Angles^ 




That is, the Angles A^, 6, C, taken together,, are eguat 
a Scnni-circle, or t8o' i>efiTee8^ u i. equal to two Right 
Dgles of 90 Degrees each i becaufe the three Arches de- 
tibed on the Angular Points ar$ eqii^ to a Seiiu*circle* 
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Cfieorem 5. 

The outward Angle of every Right Lined Triangle is 
rqual to the two inward and oppofite Angles. 




That is, the Angle A C D is equal to the Angles BAG 
and ABC; became the Arch in the former Angle is equal 
to both the Arches in the other two Angles. 

Cj^eorem 6. 

In every Right Angled plain Triangle^ the Square of the 
longeft Side is equal to the Sum of the bquares of the other 
two Sides. 
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That Is, the Square made upon the Line A B is equal tc 
both the Squares made upon the Lines A C and B C^ as ii 
evident from an Infpeftion of the Figure. 
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_ An Angle (or Triangle) made in a Semi-cirde,' is a 
Right Apgle at the Circumference ; if made in k Segment 
greater than a Semi-circle, the faid Angle is Acute; if made 
in.a Segment leis than a Semi-drcle, the Angle is Obtufc. 




That is, the Angle A B D is a Right Angle ; but the 
Ande B A £ is. lefs than a Right Angle j and the Angl^ 
B C D is greater than a Right one. 

Parallelograms, or long Squares, having the fame Bale, 
and ftahding between the fame parallel Lines, arc equal to 
one another* 




B C 

That is, the Parallelogram A B C D is equal to the Pa- 
rallelogram B E F C. 

Note. Triangles on the fame Bafc, and between the fame 
Parallels, are equal ; becaufe they are Half the circumfcribing 
Parallelograms. Note alfo, that Triangles and Parallelo- 
|rams having the fame Heights are in Prc^ortion to each 
other as their Bafes, 
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cc a Cirde b double to Ac 
^cm^ VQCB dcy ftand upon> or are 
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T:^ 3S. ;^ Ar^js BCD k dodhk die ABgleB AD. 
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If a aOr^rKo Rii^Lincs he drawn interiefting eacU 
bsr^ r« FjtrsLek^nusv or Piodiia^ made of the two 
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P^LTTs or osae liae-^ dttll be equal to die Paralldograin Of 
IVxx^^ Bftic of die tvoAffts of dtt odier Line. 




That is^ A E multiplied by £ B is equal to C £ multi^ 
plied by ED, 



^ 
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The Cireumferences of Circles are-m Ffoportioirtotiicir 
Diameters^ 

B 



That is, the Diameter of the fmalier Circle ac^ \& to die 
Circumference abcd*^ as the Diameter of the larger Circle 
A Cj is to the Circumference A B C D» 

%fftwtm 12. 

In Circles that are concentric, or have the fame Center^ 
any two Semidiameters will cut off Arches whicivare pro- 
portional and fimilar to tfaeir rell>e£tive Circles* 




TThat is, the Circumference of the fmaller Circle ccri£f \% 
to the Arch e d; as the Circumfefence of the larger Circle 
C A E Dy is to the Arch CD. 

And it will alfoJiold, as ; ^ is to S D> fo is c^ to C D. 

F 5 * ^fft^ 
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If in a • Triangle ABC, there be drawn a Line D £ pa« 
rallel to C B. the Angles of the two Triangles being the. 
fame, the Sides of the one mil be proportioiul to the oides 
of the other. , 




That is, die Side A B, is to the Side A D; as the Sick 
BC, istotheSideDE. - 

Andfurtber, AB : BC :: AD : DE 
AD : AE :: AB : AC 
AD : DE :: E/: f c 

%^ttxttm 14. 

All (imilar or like Superficies are in a duplicate Proportion^ 
or as the Squares of their like Sides, 




That is, the Area of the Superficies /, is to the Super- 
ficies E ; as the Square of the Side a </, is to the Square of 
the Side AD. 
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Cfieowm 15. 

Similar, or like Solids are to each other In a triplicate 
Proportion^ or as the Cubes of their like Sides. 




That is, the Solidity of the fmaller Body dj is to the So- 
lidity of the greater Body D; as the Diameters j cubed, is 
to the Diameter A B cubed. 

Many other Theorems might be added, but thefe will be 
fufficient for the young Geometer at prefent. The Reft, 
as they would better appear in a Treatife of Trigonome- 
try, we have referved for a Place in that Work. 

Note. That the Side upon which any Figure ftands is 
called its Bafi. — That a Lme drawn from its Top^ perpen- 
dicular to the Baje^ is called its Alt\tude or Height. — ^That 
two Right Lines cannot include any Spaee^ or form any 
Superficies whatever. 
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The Explanation of fuch CharaSfers as aregimraUy ufsd in 
the Solution of the following Geometrical Problems. 

Explanations. 



Signs &Marks< 
+ plus, or more. 

— minus, or lefs, 

X multiply by 

-r divided by 
zz equal to 

:: Proportion. 

m Fraaion. 

12 — 4 -Ka = loj 



The Sign of Addition ; as 5 +2=7 ; that 
is, 5 added to 2 is equal to 7, 



The Sign of Subtra^ion ; as 9—4=5; 
that is, 9 lefTened by 4 is equal to 5. 

The Sigh of Multiplication ; as 6 X 8=r 
48; that is, 6 multiplied by 8 is equal 
to 48, 



The Sign .of Divijion; as 12-5-4=3 • 
that i% 12 divided by 4 is equal to 3, 



The Sign of Equality ; as 16 ozs,=: i fe . 
that is, 16 Ounces are equal to t 
Pound. 



The Sign of Proportion ; as 3 : 6 : : 
8:16; that is, as 3 is to 6, fo is 8 
to i6. 



Numbers placed like a FraSion doalfo 
denote Divifion ; the upper Number 
being the Dividend, and the lower * 
the Divifor. 



Shews that the DlfFerence between 12 
and 4 added to 2, i» equal to lo. 
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jio — 2 +. 3 i?:^ 

•* Square Root 

•5 Cube Root. 
D Square^ 

Cube, 

Q. E, D. 

CL E. I. 
1 Q:, E. F. 



Signifies^ that the Sum of z and j. 
taken from 10 is equal to 5. 



This Mark being prefixed to anyNum- 
ber, fimifies thatthe Square Kcot of 
that Number is to be extraded. 



Signifies, that the Cube Root of that 
Number is to be extraded. 



This Sign fignifics, that the Number 
to which it is prefixed muft be 
fquared, 9r raifed to the fecond 
Power. 



Shews the Number following muft be 
cubed, oi: raifed to the third Pow^r, 



Signifies, — which was to be demon^ 
ftrated. 



which was to be found. 



which was to be done. 



13^ The Application of Algebra and Fluxions to the So- 
lution of Problems in Geometry muft be deferred till the 
Learner is acqu^nted with the firft Principles pf that Science, 
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P L A N O M E T R Y; 

Or the Meafuring of 
PLAIN SURFACES. 

Sur&ce or Superficies is that which hath Length and 
Breadth, without Thicknefe. ♦ 

Tht Meafurij ih^ Area^ or the Content ofanyfuperfi- 
cial Figure is faid to be known, when we know how 
many.lcfs Squares, as fuppofe ot Petty Inches^ Tardsy 
PerchiSy &c. are contained within it.. 

Thus, fuppofe in the Figure A B C D each of its 
Sides is found to be 3 equal Parts, then it is evident the 
Number of little Sauares of the fame Kind contained in it 
will be 9. For, cfividine the Sides into the Number of 
Parts diey contain* and drawing Lines >dirough from Side 
to Side, the Number of little Squares^ formed wkliin, will 
be the Area of the larger Figure. 



A 
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B 
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3 
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The Area or Content is always of the fame Denomination 
with the Dimenfions ; that is, if the Meafure be taken in 
Feet, the Content will be Feet ; if taken in Inches, the 
Content will be Inches ; and fo of any other. 

* If a Superficies beraifed up, it is faid to be con*vex ; if it be bollow, it 
IS called concave j and k it be fiat and even, it it called a PUme^ot 
plain Superficies ^ 
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^vtAltm I* 

To Meafure a Square; that is, to find the Superficial 
Content or Area of a Square. 

Definition* A Square hath four equal Sides and four 
Right Angles ; as A B C D, in the Figure bfelow. 

. Multiply the given Side by itfelf, and the Product is the 
jfrea required. 

Suppofe the Side A B of the Square A B C D to be i6.a 
Inches, what is the Area i 




Operation. 16.2 x 16.2 = 263.44, the Area in Inches. 



• The Reafon of this Rule is evident from a Sight ci tiie laftFi- 
guie divided into little Squares, 



i0ro. 
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To find the Area of a Paralldogramj or Oblong Square*. 

Def. A Ptfn7//^/$r^rtfm hath four Right Angles; and its 
oppofite Sides equal and parallel* 

Multiply the Length by the Breadth, and the Produ<% 
gives, the jirea* 

' Let A B C D be a Parallehgram^ whofe Length A B fe 
2^.5^ Inches, and its Breadth ot> 12.75 Inches; what is 
the Area? 




Operation. 25.5 x 12.75 =: 325.125, the Area in 
Inches. 

• The Reafon of this Ride appears from the ift Figure, becaufe this 
ia only a long Square* 
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To find the Area of a Rhombus. 

Def. A Rhombus hath four Sides all equal, but no Right 
. Angle i it is in Shape like a Diamond Pane of Glafs. 

Multiply the Bafe by tfae.Perpendicular Height^ and the 
ProduA is the ifr^tf. 

Let A B C D be a Quarry of Glafs, or Marble ; and fup* 
pofe die Bafe D C be 12.5 Inches; and the Perpendicular 
A E 9.25 Inches ; what is the Jna ? 




Operation. 1^.5 X 9.2; =: 115,625 Inches; the Area 
required. 



• Every Rhombus 19 equal to a ParaHehgram of die tame Bafe and 
Altitude, ' 



^tni 
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'1 



To find the Area of a Rbomboidts. 

Def. A Rhomboides hath its two Sides equal and- paraT^ 
lel, but no Right Angle* It is a long Square pufhed afide^ 



JtUile. ♦ 

Multiply die longer Side by the Perpendicular Height 
(or Breadtn}| and theHroduffc ii die Area» 

Let A B C D be a Rhomboides, whofe longer Side- A B, 
or CD, is 20.5 Inches, and the Breadth AO equal to I3»S ' 
Inches, what is the Area I , 



B 
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Operation. 20.5 x 13.5 = 276«7Jj the Area required. 



• Every Rhomboides is equal to a Paralielogram of the fame-Bafe 
and Altitude. 



i« 
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To find the Area of a Triangle. 

Def. A Triangle is a Figure bounded by three Right 
Lines* 

Note. If a Triangle hath one of its Angles a true 
Square, or juft 90 Degrees, it is called a Sagbt Anzlei 
Triangle \ if it hath Ao Right Angle, it is called an OhVtqui 
Triangle. 

To Meafure a Right Angled Triangle. 

Multiply one of the Legs forming the Right Angle by 
Half the other 3 and the Produdt is the Area. 

Let AB C be a Right Angled Triangle, whofe Bafe 
A B is 1 4. 1 Inches, and the Perpendicular B C is 12 In- 
ches ; what is the Area ? 




Operation* 14.1 x 6 = 84.6 Inches, the Area. 

* Every Right Anded Triangle is equal to Half the Parallelogram 
of the fame o^t ana Altitude. 



ii6 
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To find the Area of an Obliqut TriangU. 

Def. Ifa Triangle hath no Right Anglci it is called an 
Obliqui Trianglt. 

Multiply the longeft Side by Half the Perpendicular let 
fall from the Angle oppoilte the fame, and die Product is^ 
the Content. 

Suppofe A B C be a Triangle, whofe Bafe A C is 3^.6" 
Inches, and the Perpendicular Height B D is 30.2 Inches 5. 
what is the Area ? 




Operation. 316 x 15*1 = 582.36 Inches, the Area» 

• The Reafon is becaufe every oblique Triangle is equal to Hal/it^ 
Circumfcribing Parallelogram, as in the laft Problem, 
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l&tobUm 7* 

^o find the Area of a Trapezium. 

Def. A Trapezium confifts of four unequal Sides^ and 
(four unequal Angles^ 

Add the* two' Perpendiculars together, and muUiply that 
Sura by Half the Diagonal ; (or multiply the Diagonal by 
Half the Sum of the Perpendiculars) and the Produdk 
will be the Area. 

^jf ampler 

Buppbft A B C D be a Trapezium,* whole Diagonal 
AC is 108 Inches ; the Perpendicular B P 38 Inches j and 
the Perpendicular D E 34.^ Inches j what is the Areaf 




Operafiori. 72-5 x 54- 39fS*<^ Inches^ the Area. 

# Every ^rape%ium being a double Triangle, is confequently equal 
to Half its circunifcribing Parallelogram, 

law.; 
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^mhltm 8. 

To find the Area of a Regular Polygon. 

Def. All Figures that have more than four Sides, and 
thofe all equal, are called Regular Polygons. Of fuch Fi* 
gures, tho(e of five Sides are called P^»^flf^ff«j; thofe of fix 
Sides, Hexagons; of feven Sides, Heptagons i of eight 
Sides, O^agons ; of nine Sides, Nonagons^ of ten Sides, 
Decagons^ &c. whence it is evident, that they take their 
Names from the Number of Angles within them. 

Multiply Half the Sum of the Sides by the neareftDif- 
tance pf any Side from the Center. 

Let ABCD E be a Pentagon, each of whofe Sides is 
2 1 Inches, and the neareft Diftance from the Center to the 
Middle of any Side is iy.% Inches; what is its Area ? 



Operation. 62.5 x 17.5 s 1075.00 Inches, the AAa 
fought. 

* Every Regular Polygon is equal tb ^ Triangle, whofe Bafe is 
equal to the 3am of the Sides, and whofe Height is the Diftance of 
any Sidefroiti the Center. ^ To find the Center, only hiCcSt % of 
Angles, as D and C ) and the toint of Meeting of tliefe Lines will 
%he Center required. 
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To find the Area of a Circle. 

Def. A Circle is a plain Figure, whofe Area is bounded 
hv one continued Line, called the Circumference^ or Peri^ 
fhery ; • and . it is every where equally diftant from a Point 
lirithin, called its Center. 

Note. ^ The Line going through the Center of t;he Circle^ 
flividing it into two equal Parts, is called the Z)itfOTf/#r ; 
Half of which is called the Semidiameter^ or Radius. 

tfltrte/* 

"Square flie Diameter, and multiply it by .7854 (aDeci- 
mal) and that Produdl will be the Content. 

Suppofe the Diameter of the Circle A B be 41^2 Inches^ 
lehat is its Area ? 




Operation. 41.2 X4i»2==i697.44X. 7854=1333. 169376 
nches, the Area, 

The Area of a Circle whofe Diameter is i, is .7854; and the Areas 
|f all Circles are to each other, as the Square of their Diameters i 
cc the above Rulf.— c^* The Square of a Number is the Produft 
•fing from multiplying that Number by itfelf. 
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lao Practical Geomstrv. 

To find the Area of a Circle by another Method, 



mult 



> 



Multiply half the Circumference by half the iDiamctcri 
and the rrodudl Fs the Area. ^ 

^ Note. If the Diartieter of a Circle begivenj the Cir* 
cumference of it may be eafily found by the following Pro* 
^rtions :. 

As 7*is to ity fo is the Dlanxeter to the Circumference^ 

Or, as 113 is to 355, fo is the Diameter to the Circum<i 
ference. 

Or, as I'is tb 3. 14159, fo is the Diameter to the Circum^ 
ference. 

The Squaring of a Circle^ as jt is ufually called^ or fini 
ing a Square exaftly equal to a Circle given» is wha 
jminy hive endeavoured to perform} but hone as ye 
have abfolutely compleated itj becaufe none have fouw 
out the exaS Proportion of the Diatnefer to the Circum* 
ference, f Archimtdes^ a very famous Mathematician, firl 
(iifcovered that the Diameter v^ras in Proportion to the Cir 
cumference, as 7 is to ^i nearly 5 which ferves very wef 
for common Ufe. After him, pne Metius found that tta 
Diameter was (more nearly) to the Circumference, as 1 1 

to 355- 

* Every Cu-'clc, at a Polygon of an infinite Number <>f SidH, is equal 
to a Triangle, whofe BaTe 18 the Circumference andHeightz:to half the 
Diameter. , 

+ The Emperor Charles V. offered a Reward of One Hundred 
Thoufand Crowns to the Perfon who ihould folve this celebrated Pro- 
blem $ and the States of Holland have piT)pofed a Reward for the fame 
Purpofe. 

' But 
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But the Moderns have computed the Proportion of the 
Diameter to the Circumference to greater Exadinefs. For, 
fuppofing the Diameter to be looooo, the Periphery they find - 
wilJbemore than 3 14115, and lefs than 3 141 6; but Ludolphus 
Van CeuUn has exceeded the Labours of all who went be- 
fore him ; for by immenfe Application he found, that fup- 
pofing the Diameter to be 

1. 00000.000.000.000.000.000.000. 000. 000.000 
the Periphery or Circumference will be lefs than 

3.14159.265.358.979.3:23.846.264.338.327.951 
Cut greater than 

3. 14159.265. 358.979.323.846.264.338.327.950 

This able Mathematician has carried on his Calculation 
to 36 Places of Decimals^ and to eternalize the vaft Work, 
they are engraven upon his Tomb-ftone in St. Peter's 
Church at Lsyden^ in Holland^ of which large Number 
the firft fix Places 3. 141 59, anfwering to the Diameter of - 
1. 00000, are fUfEcientin any Calculation* 

But fince Van CeulerL% Time, our Countryman Mr. . 
Machin has carried the Proportion on to 100 Places, He 
finds that if the Diameter be i, the Circumference will be 

3. 141 59.26535.89793.23846.26433.83279.50288.47971. 
69399-375io-S^^O9-74944-5923Q*7Bi64.o5286,20899. 
86280.34825.3421 1.70679 of thefame Pafts. 

But the Ratios generally ^ufed are thofe jof Archimedes^ 
Mctiusy or four or five leading Figures of Van Ceulen. 
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Suppofe the Diameter of a Circle A B to be 22.6 Inches, 
what is its Circumference, and alfo its Area ? 



Dia. Oircum. 

Firft. As 7 : 22 : : 22.6 : 71.028, according to ArchU 
medes* 

Or, as 113 : 355 : : 22.6 : 71, according to ^l^/zW. 

Or, as I : 3.141593 : : 22.6 : 71.0000018, according 
to Van Ceulen. 

Then half the Circumference multiplied by half the 
Diameter gives the Area = 401.15 Inches. 

Note. If the Circumference of a Circle be given, the 
Diameter may be found by reverting the above Proportion, 
thus. 

As 22 : 7 : : Circumference to the Diameter; 

Or, as 355 : 113 : : Circumference to the Diameter; 

Or, as 3. 141 59 : i : : Circumference to the Diameter, 



Other Proportions arc as 106 ; 33O . . y>\^^ toCir 



"?: : Dia 
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prablem ii* 



Ta find the Area of a Circle; of a Semi-cirde i or of a 
l^uadrant. 

■ . • -* 

Square the Diamter, and multiply the Produft by .7854 
(a^ Decimal) ; this laft Produ<ft will be the Area of the ^aie 
circle ; which divided by 2 gives the Area of the Semi-circle', 
or by 4 gives the Area of the ^adranU 

Suppofe the Diameter A B of the following Semi-circle 
\ B C is 41 12 Inches^ what is its Area ? 



Operation. 4i.2X4i.2=i697.44X.78s4=i333.i69376 
ches. Area of the fTheU Circle. 

Then, 1333- 169376-5-2=666.584688, Area of the Smi- 
rcle ABC. 

f^nA^ i333.i69^76-r4=333'*92344>Ar€aofthe^«tf^/rtf«/ 

y^ y'^y ' G 2 |0ra- 
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^roW«tt 12; 

To find the Area of the Senior of a Circle. 

Def. The Se^or of a Circle-is a Figure bounded by two i 
Semi-diameters, or Radius's, having fome Part of the Peri- ; 
phery or Circumference for its Bafe, 

Multiply the Semi-diameter or Radius by half the Arch | 
of the Sector, and the Product will be the Area. ! 

Let A B C be the Se^or of a Circle, whofe Radius A C,j 
or B'C, is 20.2 Inches; and half the Arch A B, 15 Inches,] 
what is its Area ? ' 




Operation. 20.2 x 15=303.0 Inches, the Area fought. . 

* A Se^or of a Circle is equal to a Triangle whofe Bafe is eq^al to 
the Ar-ii, and Height equal to the Radius or Semi-diameter, 
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To find the Area of a Segment of a Circle, 

Def. A Segment of a Circle is a Part cut off by a right 
Line, lefs than the Diameter, drawn within the Circle, as 
E D J fo that £ B D is a Segment lefs than a Semi-circle', 
and £ A D is greater than a Semi-circle. 

To the Square of half the Chord add f of the Square 
of the Depth ; the Square Root of this Sum multiplied by 
f of the Depth will give the Area of the Segment. * 

Suppofe the Chord ED of the Segment >£ D B be 40* 
Inches, and the Depth F B 10 Inches, what is its Area ? 




Operation. 20x20=400+40=440, whofe Square Root 
is 20.973 X 1 3'33=279.57, the Area fought. 

• Or fvid the Area of the Se6lor C £ B D, and alfo the Area of the 
Triangle C E D, y/hich fubtraSted irom the Area of the Se6lor, will 
leave the Area of the Segment E B D required. If the Segment be 
greater than half the Circle, the Triangle mull be added to the Seftor 
to give the Area, 

G 3 gro» 



126 Practical Geometry. 

^toUem 14. 
To find the Length of an Arch of any Circle \ 

Multiply the Chord of i the Arch by 8 ; from the Pro- 
dud fubtiad the whok Chord; divide the Remainder by 
3 ; and the Quotient will be equal to the Length of the 
Arch required. ♦ 

Suppofe the Chord A C of the Arch ABC be 50.8 
Inches, and the Chord A B of half the Arch be jo.6, what 
is the Length of the Arch ABC? 



Operation. 30.6x8=244.8—50.8=194.0-^3=64.^, the 
Length of the Arch required. 



• Or, from fwice the Chord of ^ the Arch, fubtraft the whole 
Chord J divide the Remainder by 3 ; the Quotient added to tnuice the 
Chord oi^ |. the Arch, will give the Length of the Arch (nearly) as 
before. 
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The Chord and verfed Sine (or Depth) of a Segment of 
a Circle being given, to find the (whole) Diameter of the 
Circle. . ^ 

Divide the Square of half the Chord by the verfed Sine 
(or Depth), and the Quotient will be the other Part of the 
Diameter, which added to the verfed Sine, the Sum will be 
the whole Diameter fought* * 

Suppofe A C B be a Segment given, whofe Chord A B 15 
36 Incnes, and the verfed Sine (or Depth ) C D 6 Inches, 
what is the Diameter of the whole Circle C E ? 




Operation. A D 18 X 18 = 324, which -e- DC 6 = 54, 
the Part D E. Then DE 54 + DC6=6o Inches j the 
whole Diameter £ C required. 

• Half the Chord of the Segment is always a mean Propoition be- 
tween the two Parts of the Diameter j it will therefore ever hold,— as 
the veHed Sine : is to half the Chord : s fo is half the Chord : t9 the 
remaining Part of the Diameter, 

G 4 pro- 



128 , Practical Geometry. 

^roWem 16. 

To find the Area of a Circular Ring. 

Def. The Space included between two Concentric Cir-. 
cles of different Diameters is called a Circular Ring. 

Multiply the Sum of the two Diameters by their Differ- 
ence; and multiply this Produft again by .785+) thialaft 
Produd will be the Area required. * 

Suppofe the Diameter of the larger Circle A B be 30 In- 
ches, and the. Diameter of the fmaller CD be 18 Inches. 
what is the Area of the Ring farmed by thcfe two Circles r 



Operation. 30+18=48 x 12 =: 576x7854 = 452.3904 
Inches, the Area of the Ring required, 

• Or, find the Area of each Circle, andfubtraft thelefs from the 
bigger, the Retx^ainder will ber the Area of the King. 
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To find the AmfL of a Crefcent or Lune^ 

Def. A Lune^ &c. is the Space included between the 
Arches of two eccentric Circles interfering or cutting each 
other. 



I Find the Areas of the two Segments from which the 

I Crefcent or Lune is formed ^ and their Difference will be 
I the Area required* 

Let the Chord A B in the following Figure be 40 Inches; 
and the Height D C 10 Inches, and D E 4 Inches, what 
is the Area of the Lune or Crefcent A C B D E ? 




Operation. By Problem 13th. 

The Area of the bigger Segment is 279. 5;/ 
Area of the lefler Segment is 107.50 



The Area of the Lune or Crefcent required 172.07 In^ 
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fBroWettt 18. 

To find the Area of an Oval. 

Def. An ElUpfts or Oval is a Figure bounded by a re- 
gular Curve Line returning into itfelf ; having one Diame- 
ter longer than the other. The longer Diameter is called 
the Tranfvetjei the fhorter, the Conjugate. 

Multiply the Length by the Breadth, and that Produa 
by ,7854 ; this laft Produd vsrill be the Content. 

Suppofe the longer Diameter A B of the following Oval 
be 61.6 Inches,. and the fliorter Diameter CD he 44.4 
Inches, what is the Content? 



Operation. 61.6 X 44. 4= 27 j 5. 04 X. 7 854= 2 148. 100416 
Inches, the Area in the Cmc Se^ions. 
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|Sro6Iem 19. 

To find the Length of the Circumference of an OvaL- 

HXvAu 

Multiply half the Sum of the two Diameters by 3,1416, 
and the Produ(9: will be the Circumference near enough fpr 
Pradice. 

Suppofe the longer Diameter A B be 50 Inches, and the 
fhorter Diameter C D be 40 Inches, what is the Circum- 
ference of the Oval ? 



Operation. Half 2 Diameters=:45X 3. 1416=141. 372 In* 
ches, the Circumference required* 

See another Method of finding the Circumference of an 
Oval or EUipfis in the Conic &e£lionu 
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|0ro6Iem 20. 

To find the Area of any irregular Figure. 

Def. All Figures which have above four Sides, and thofe 
all unequal, are called \xvtg\AzvPolygonSy or irregular Figufes : 
Of which Figures there is an infinite Variety j but they 
may be all reduced to regular Figures in the fi^llowing 
Manner. 

Divide the Figure by Diagonals and Perpendiculars into 
TrapeziumSy Triangles^ &c; Then find the Areas of the 
Trapeziums, Triangles, ^c. feverally, and add them all 
together; fo will the Sum be the Area of the whole Figure. 

Suppofe A B C D E be an irregular Figure, whofe DU 
naenhons are exprcffed in it ; what is its Area ? 



Having divided the Figure as above into one Trapezium^ 
and one Triangle^ or rather into three Triangles^ the Areas 
will be as under. 

Area of the Triangle B C D is 187 1 

Area of the Triangle A B D is 204 W Inches. 

Area of the Triangle A D E is 105 j. 



Area of the whole Figure 496 



Note. 



r 
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Note. Some irregular Figures will hap>pen to confift of 
Curve Lines as well as of Right Lines ; all which muft be 
reduced into fome of the foregoing Figures, and meafured 
by the Rules thfere delivered, 

Notealfo; that if it be required to find the Side of a 
Square equal in Area to any of the foregoing Figures, 
either regular or irregular ; you need only to extraS the 
Square Root of the Area of that Figure, and the Root will 
be the Side of the Square fought. 
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Application of the foregoing Problems » 

By the Problems and Rules here laid down, are mea- 
fured JVainfcot^ Glafs^ Plaifiering^ Pavement^ Boards^ Land^ 
&c. by obferving only, that the Area is always of the fame 
Denomination with the Dimenfions, vi%. If the Dimen- 
iions are taken in Feet^ the Area will be Feet -y if in lards ^ 
the Area will be Yards ; if taken in Chains or JUl/eiy the 
Area wiU be Chains or Miles accordingly. 

And though there are other Rules, yet ,thefe may fcrve 
alfo for finding thfe Quantity of Liquor contained in any 
Superficial Figure at one Inch deep ; for when you haVe 
found the Superficial Content of any of the foregoing Fi- | 
gures in Inches^ if you divide that Content by ^ 

282, it will give the Gallons of Ale or Beer, 
231, it will give the Gallons ofJVine or Cyder ^ 
2150.42, it will give the Bujhels of Malt or Corn^ 

Divided by 144, will give Square Feet; which Feet ^ 
divided by 9, will give Square Yards. 



t^ Artificers compute their Woik by different Kind of Meafures ; 
«s Glazing by the Square Foot 5 Plaijfering, Pairing, Paintings Sec. 
by the Square Yard j Ropig^ ^di/tg. Flooring, Partitioning, &c. by 
the Square of 100 Square Feet ; Brick-<v:ork by the Rod of 16 J Feet, 
whofe Square is 27* i Squai^e Feet ; and Land by a Chain zz Yard* 
long, of which lo in Length and i in Breadth make i Acre. 
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STEREOMETRY; 

OR, THE 

MEASURING of SOLIDS. 

OLIDS are Bodies or Figures that confift of three Di- 
menfions, viz. Lengthy Breadth-^ an|d Thicknefs^ as Tim- 
\ Stone^ &c. 

The Solid Content of a Body is fald to be known, when 
I know how many lefs Solids of i Inch, i Foot, i Tardy 
U are contained within it. 

fis fuppofe in the following Solid Figure, A B C DE F, 
:h Side is 3 Inches, then is the Number of little Solids 
ntained in it 27 Inches, of i- Inch each. For dividing 
th Side into 3 equal Parts, and drawing the Lines through 
:h Side, it becomes divieled into 9 Parts, and conle- 
ently the Whole into 27 ; and fo many lefs Solids of i 
:h are contained in the larger of 3 Inches. 



F. 



X 




/ 



/ 



B 

The Solidity or Content is always of the fame Name 
ith the Dimenfions ; if the Dimenfions are taken in In- 

s, the Content will be Inches ^ and if taken in Feet, 

Content will be Feet. 
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IBroWem i. 

To Meafure, or find the Solid Content of a Cube. 

Def. A Cube is a Solid bounded with fix Square Sidci 
in the Form of a Die. 

^ Multiply the Side by itfelf, and that Produd by tb 
Side, again j and the laft Produ<a will be the Content, * 

Suppofe ABCDEFGbea Cubic Piece of Timba 
cj: Stone, each Side thereof being 17.5 Inches, what isthl 
Content? 




Operation. 17.5 x 17.5=306.25 y>^7'S^SlS9^Z7S ^' 
ches, the Content required. ^ -» j :^ :> / 3 

83p The Superficial Content is found by finding the Area 
of one Side, and multiply that by (6), the Number of Sides. 

* The Reafon of this Rule is deduced from the foregoing Figure, 
where the- large Cube of 3 Inches is compofed of 2j finaller ones. 

' *• 
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To meafure a Parallelopipedon^ or oblong Cube. 

Def. Parallelopipedon^ or oblong Cube, is a Solid contained 
[under fix Parallelograms, the oppofite Sides of which are 
I equal and parallel. 

Multiply the Breadth by the Depth, and that Prbduft by 
the Length \ and this laft Produdt will be the Content. * 

Suppofe ABCDEFGbea Parallehpipedon reprefent- 
ing a Piece of Timber or Stone ; tne Breadth A E 
,8nd DcDth A D each 21 Inches^ and the Length D C (7 i 
Feet or) 90 Inches, what is its Solid Content r 




Operation. 21 X2i=:44iX90— 39690 Inches, the Soli-* 
dity required. 

|3p The Superficial ConUnt is the Area of the four Sides 
and the two Ends added together. 

• Every Parallehpipedon is compofed of a Number of equal Square 
Surfaces laid upon each other. The Sum of the whole Number of . 
Squares is therefore the Content of the Figure. 



1 
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trample 2. 

Suppofe a Piece of Timber be 2^ Inches broad, 9 In- 
ches deep, and 25 Feet, or 300 Inches long, how many 
Solid Feet are contained in it ? 



Operation. 25X9=2 2 1^X500=67 500 Inches, which; 
divided by 1728, the Solid Inches in 1 Foot^ gives 59 Feet 
for the Content. 



Note. In Solids of this Sort where the Breadth and 
Depth are different^ an Error is often committed by Work- 
men in their Way of Meafuring ; which is done by adding' 
the Breadth and Z)^/>f A together, and taking Half the Sum 
for the . Side of a Square equal thereto. This Error, 
though but fmall, when the Breadth and Depth are nearly^ 
equal ; yet if the Difference be great, the Error is very^ 
confiderable. For the Piece of Tiniber thus meafured 
will be more than the Truth by a Piece, whofe Length is 
equal to the Length of the Piece of Timber to be meafured, 
and the Square equal to Half the Difference of the Breadth 
and Depth of it. 



Operation. 25+9=34; Half is 17 X 17=289 X3oor=: 
86700 Inches, whicli divided by 1728, gives 50 Feet for 
its Consent. 

Content the true Way - - - 39 7 p^^^ \ 

by common Way - - 503 

Difference ii Feet too much,. ' 
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- ^xoWm 3. 

To Meafure a Prs/m. 

Def. A Pn/m is a Solid Figure contained under feveral 
Planes, whofe Bafes or Ends are equal and alike. It takes 
its Name from the Figure of its Bafe, be it either a Triangi$g 
Square^ Pentagon^ or any other Polygon. 

lHulr. 

i Find the Area at the End ; multiply that by the Length» 
and the Produdl is the Content. • 

I Let A B C D, &c. be a Triangular Prifm^ ^ach Side of 
Whofe End ABC being 15.6 Inches; the Perpendicular 
f C thereof 13.5 1 Inches • and the Length C F 95 Inches, 
what is its Solid Content ? 




Operation. 13.51x7.8=105.378X95 = 10010.910 In- 
fhes, the Solidity required. 

^^ The Superficial Content. Find the Area of one of 
he Sides, which multiply by the Number of Sides ; to this 
?rodu<9: add the two Areas of the Ends, and that Sum 

ill be the Content. 

♦ All Prifms arc compofed of feveral equal and fimiJar Surface* 
^nceived to be laid upon each other. 
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To Meafure a Pyramid. 

Def. A Pyramid is a Solid, whofe Bafe may be either 
a Triangle^ Square^ or any other Figure^ having its fevcr^ 
Sides meeting in a Point at the Top* 

Multiply the Area of the Bafe, by j- (one third) of the 
Perpendicular Height (or Length) 5 and the Produ£k it 
the Solid Content, * 

Suppofe ABCD be a Square Pyramidy tzch. Side of 
the Bafe being 18.5 Inches j and the Perpendicular Height 
CD 180 Inches, what is its Solid Content? 



Operation. 18.5 X 18.5=342.25 x6o±:20s3fj Inches, the 
Solidity required, 

t^ For the Superficial Content, multiply Half the Sum 
of the Sides of the Bafe, by the flant Height of the Pyra- 
mids to which add the Area of the Bafe, and that buni 
will be the Superficial Content of die whole Pyramid. 

• Every Pyramid is equal to | of a Prifm of- the fame Bafe andi 
Altitude, or Length. ^^ J 
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To meafure a Cylinder. 

» 

Def. A Cylinder is a Solid exadlly like a rolling Stone in 
a Garden; It is in aU Parts of an equal Thicknefs or 
Diameter, and its Ends are Circles, and parallel to each 
other. 

Multiply the Area of the Bafe by the Length, and the- 
Produi^: is the Solid Content. * 

I Let A B C D be a Cylinder, whofe Diameter A B is ^ 
'fti.^ Inches, and the Length CD 60 Inches, what is its 
Solid Content? 




Operation. 21.5 X21. 15=462.25 x. 7854— 363.051150X 
60=2178.309 Inches, the Solidity required. 

The Superficial Content is double the Area of one of the . 
Circles at the End, and of a Parallelogram, one of whofe 
Sides is the Circumference of the Cylinder, and the other 
the Length thereof, - 

♦ All Cylinders are compofed of a Number of Circular Surfaces 
rf the fame Size laid upon each other. 
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laroblem 6. 

To meafure a Cone. 



1 



Def. A Cone is a Solid, having a Circular Bafe, and 
growing lefs and lefs till it ends in a Point. It maybe '^ 
juftly reprefented by the Form of a Sugar Loaf. 

Multiply the Area of the Bafe, by one third Part of the 
Perpendicular Height, and the rrodud is the Solid 
Content. * 

Let A BCD be a Cone^ the Diameter of whofe Bafe 
A B IS 26.5 Inches, and the Perpendicular Height C D 63 
Inches, what is its Solid Content ? 



Operation. 26.5X26.5=702. 25 x. 7854^:551. 547150X 
21=11582.49015, the Solid Content in Inches. 

For the Superficial Content^ multiply Half the Circum- 
ference at the fiafe, by the flant Side ; to this ProduA add 
the Area of the Bafe, and that Sum is the Superficial Content. 

* Every Cone is equal to i of a Cylinder of the fame Diameter and 
Altitude or Length. 

|0ro- 
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problem 7. 

, To meafure the Frujlum of a Pyramid. 

Def. A Frujlum of a Pyramid is the Part remaining, 
when the Top or End is x:ut ofF parallel to the Bafe. 

Multiply the Areas of the Bafes together, and to the 
Square Root of this Produ£t, add the two Areas ; that Sum 
inultiplied by one third of the Height will be the Content, 



. Let A B C D be the Frujlum of a Square Pyramid ; the 
tide oF the greater Bafe 18 Inches; the Side of the lefler 
2 Inches; and the Length or Height HH 216 Inches j 
^hat is the Solid Content ? 




Operation. 324X144=46656; whofe D Rootisr:2i6; 
len 324+i44+2i6=:684X72=:49248 Inches, the Solid 
bntent. 

[j^ For the Superficial Content^ multiply the Sum of the 
|de5 af the two Ends by Half the flant Height ; .to which 
|-odu£l add tKe Areas of the two Ends; that Sum will be 
1^ Superficial Content of the whole Fruftum. 
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Practical Geometry* 
praWem 8. 

To meafure the Frujlum of a Cone* 



Def. A Frujium of a Cone is that Part which remains 
after the Top or End is cut off by a Plain parallel to the 
Bafe. 

aRuUf 

Multiply the Area of the two Ends together; to the 
Square Root thereof, add the two Areas ; that Sum multi- 
plied by one third of the Height gives the Solid Content. 

Let A B C D be the Frujlum of a Cone ; whofe greate^ 
Diameter A B is i? Inches ; and the lefs Diameter CD M 
9 Inches ; and the Height or Length S S 171 Inches j what^ 
is its Solid Content? 




Operation. 63.6174x254.4696=16188.69433104, whoiJs 
Root is 127.2348^ Then 127.2348+63.6174-1-254.469613 
445. 3218x57=25383. 3426 Inches J the Solidity required^' 

For the Superficial Content^ multiply the Sum of thai 
Circumferences of the two Ends, by half the flant Height 
of the Fruftum, to which Product add the Areas of the two^ 
Ends, and that Sum will be the Superficial Content of the 
.whole Fruftum, 
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problem 9. 

Another Way to find the Content of a Fruftum of a 
Pyramid ot Cone^ having the top Part cut off parallel to 
theBafe. 

Find the whole Length of the Pyramid or Com thus : 

As the Difference of the Breadths of the two Ends, 

Is to the Length between them : 
So is the Breadth of the lefs End, 

To the Length of the Part cutoff. 

Then find the Content of the whole Pyramid or Cone ; 
and alfo the Content of the top Part ; and fubtraft the Top 
-from the Whole, there will remain the true Content of the 
Fruflum fought. 

Suppo<e, as in Problem the 7th, the Side AB of the 
greater End of a Square Pyramid be 1 8 Inches ; the Sides 
C D of the lefs End 12 Inches ; and the Length B D 216 
Inches, what is its^ Content by this Rule ? 




Operation. As 6 : 216 : : 12 : 432 = Length of the top 
Part D E ; then 432 + 2 16, the Length of the bottom Part, 
is = 648, the Length of the whole Pyramid B E. Then 
D 18 = 324 X 216 = 4 of whole Length is z= 69984, 
Ibe Content of the whole Pyramid. And a 12 = 144 X 
^ A4 = J of top Part is = 207^6, the Content of the top Part, 
wnicH lubtraaed from the Whole leaves 49248 Inches, the 
Content of the Fruftum as before. 

H Cy- 
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Suppofe, as in Probkm the Sth, the greater Diameter of a 
Frujium of a Cone be 18 Inches j the lefs Diameter 9 In- 
ches^ and the Length 171 Inches, what is its Solid Content? 

Operation. As 9 : 171 : : 9 : 171, the Length of the top 
Pirt. Then 171 + 171^:34.2, the whole Length of the 
Com. 

Then 18 D2S324X.7S54r:254,4696x 114=29009.5344, 
the Content of the whole Cone.— —Next, 9 a =81 x.7854 
2=63 .6 1 74 X 57 =3626. 19 1 8, the Content of the top Part ; 
ivhich taken from the Whole, leaves 215383.3426, the Con* 
tent of the Frujium^ and is the fame as betore, 

%* By this, and the two laft Problems, tapering Tim« 
ber, both round and fquare, is accurately meafured. 
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jStoblem 10. 

^0 meafure a Sphere or Globsu 

De£ A Sphere or Gkbe is a round folid Body, every 
Part of whofe Surface is equally diftant from a Point within, 
called its Center* 

Find the Area of a Circle in the middle of the Glohe^ and 
multiply it by |. (two thirds) of the Height, that Product 
will be the Solid Content. * 

Let A B C D be A Globe whofe Diameter is 26 Inches, 
tirhat is its Solid Content ? 



Operation. 20X2ot=40ox. 7854=314.16x1. 3333 j-: 
1 88, 798 Inches, &c. the Solidity required. 

For the Superficial Content^ multiplyr the Diameter by the 
Jircumfercnce, and that Pi-odufl: will be the Superficial 
Jontcnt required. 

• Every Glol^e is equal to |: of a Cylinder of the fame Diameter 
»d Altitude. 

H 2 ^xa» 
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Another Way to meafurc a Globe. 

♦** All Glebes are to each other as the Cube of their 
Diameters ; and it is found, that if a Globe be . m Dia- , 
meter, its ^olid Content will be .5236; therefore this 

mule* 

Cube the Diameter, and multiply that by .5236, it wiU 
give the Solidity required. 

Let AB C D be a Globe, whofe Diamet«* A B is 20 
Inches, (as before) what is its Content I 




Operation. 20 X 20 X 20=800 X .52-36=: 4188.8, nearly 
tlie fame as in the laft Problem. 

Another Way to meafure a Globe. A ai- f i : : Cube 
of the Diameter to the Solid Content. This Rule will 
ferve for thofe who do not underftand Decimals. 
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problem 12. 

To meafure the Fruftum of a Globe. 

Def. The Fruftum of a Globe is a Part cutoiFlcfs 
than Half the Globe. 

JRuIe- 

To three Times the Square of the SemiJiameter of the 
FrufluTrC% Top, add the Square of the Fruftumh Height ; 
this Sum multiplied by the FruJlunC% Height, and that 
Produ<^ again multiplied by .5236^ will give the Solid 
Content. 

dtyamplei. 

Let A B C D be the Fruftum of a Globe ; let A B, the 
Diameter at Top. be 16 Inches, and C D, the Height, be 4. 
Inches^ what is the Solidity ? 



Operation. 8 x 8=64X5=192+ 16=208 X4=:832>c 
•5236=435.6352 Inches, the Solidity required. 

For the Curved or , Superficial Content, multiply the 
whole Circumference of the Sphere by the Height of the 
Segment, and the Produft will be the Content required* 
The Diameter and Circumference of the Sphere may be 
found by Problems 15 and 10 of Planomeiry^ 

H 3 pw? 
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To meafurc an Oblongy or an Oblate Sphere. . 

Dcf. If a Globe be fuppofed to be pufhed out of its real 
Figure, fo as to become longer than before, like an ^^Z-, it 4 
is called an Oblong Sphere 5 if it be comprefled fo as to make 
it flatter, like an Orange,, it is called an Oblate Sphere j and n 
the Ride for meafuring each is thus. 

* Square the Diameter in the Middle, and multiply that 
Produift by the Length, which Product multiply again by 
.5236, and it will give its true Solidity or Content. * 

Let A B CD be an Obbng Sphere ; and let the Diame- 
ter DC be 30 Inches, and the Length AB 50 Inches,^ 
what i$ its Solid Content ? 




Operation. 30 x 30=900 X50=45ooox.5236=2356a 
Inches, the Content fought. 

« See the Reafoa of tius Rule in die Cubature of the Cmc Stffiatu^ 
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^vtAltm H- 

To meafure aa Irregular Solids 

All Irregular Bodies muft be reduced as near as poffible 
to regular ones ; no particular Rule therefore can be laid 
down i. but from a due Confideratton of the foregoing 
Rules^ a Method may. be found for taking the Dimeniions 
of any folid Body, how irregular foever, that (ball give the 
Content aearonough the Truth. 

Let A B C D be a Piece of Timber 28 Feet lone ; and 
the Circumference at A B 2^ Inches, at £ F 20 Inches, 
and at C D 16 Inches^ what is its Content i 




WoHcmen ufually add the three Circumferences toge- 
ther. taking lof the Sum for a mean Circumference ; then 
i of which Circumference they make the mean Side of a 
• Square, and^ meafure it as fquare Timber, by multiplying 
tiiat Siae by itfelf, and that ProduA by the Length, and di- 
viding by 1728, if the Length was Inches ; or by 14 a, if the 
Length was given in Feet ; this Quotient gives the Content 
in Iquare Feet, 

H 4 IBro- 
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This Method of finding the mean Dimenfions of a 
Square, thou|;h much in Ufc, is in many Cafes very erro- 
neous, and gives the Content lefs than the Truth ; which 
IS reckoned by Workmen as an Allowance for the Slabs. 
But to have the true Content without any Dedu£bion of 
Bari or Slabs ^ it muft be meafured as the Fruftum of a 
Cone ; or it may be reduced to a Cylindir^ making the 
mean Circumference, when truly found, the Circumference 
of a Cylittdiry -and finding its Content accordingly. 

But to get the Content very near the Truth, by having 
the Circumference given ; multiply the Square or 4 of the 
Girth by twice the Length, ana the Produ£k will be the 
Solidity near enough. 

^roWem 15- 

To meafurc an Irregular Body another Way, and more 

cxaftly. 

JElttle* 

Put the Body into a regular Veflel (either fquare or round) 
aiid fill it to the Brim with Water ; then take out the Body, 
£.nd meafure the Vacuity of the Veflel left between the Sur* 
face of the Water and the Top of the VelTel, aiid thiat will 
give the Solidity of the Body uken out. 
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|9wiilem 16. 

To find the Side of a Cube equal to any given Solid, 
whether Paral/elopjpedon^ Cone^ Cylinder, Sphere^ "&c. 
Only extraft the Cube Root of the Content of the given 
Solid in Inches, and that Root will be the Side of a Cube 
equal to it. 



Note. By thefe Problems are meafured Timber^ Stontj 
ice. as well as the Vacuity of any Vejfel in Shape of, or re- 
ducible to any of thofe Figures. 



Alfo note. If any Che/t^ Bing, VeJJil, &c. in Form of 
any of the foregoing Figures, have its Content fcJund in 
Inches, the Quantity of JVater^ Ale^ Wine, Malt, Corn, 
&c. it will contain may be found by dividing the Inches by 

282 for Gallons of Water, Ale, Beer. 
231 for Gallons of Wine, Cyden 
21 9 2.42 for Bufhels of Malt, Corn. 

1728 for Feet Solid. . . 
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The conic SECTIONS. 

A Com IS a folid Figure having a circular Bafe, as A B, 
and growing regularly finsdler till it ends in a Point at 
the Top. called its Vertex, at V. Every fuch Solid may be 
cut by rlanes into five Se£Hons following : 

(ift.) If a Cone be cut dire<aiy down the Middle or Axis 
V C, the Plane or Superficies of that Se£Uon will be a 
Triangle^ as A V B. 

V 




(2d.) If the Com be cut through any where parallel to 
its Bafe, the Plane of that Secftion will be a Circle. Xhe 
Point C in the Middle is called its Center or Focus ; and 
the Line going through it, its Diameter, or Lotus Re£fumy 

as JrL ij» 




WO 



f 



Practical Geometry. 155 

(jd.) If the Cons be cut through any where in an oblique 
Poution, as at A B, the Plane of that Seftion will be an 
EUipJiSy or oblong Circle, as A B C D. The Line A B is * 
called the Tranjverfe DiameUr^ and the Line C D the 
Conjugate Diameter • 



As tvery Circle hath one Center, called its FocuSj or 
Burning Point ; fo every Ellipfis hath two Centers, called 
the Focty or Burning Points of that Elltpjisy ^s/f. 

All Lines drawn acrofs the Tranjb&fe Dianfieter at right 
Angles are called Ordinates ; and tbde two Lines which 
pafs through the two Focii are more obiervable than the 
reft, and are called each— *the Lotus Return. 

Note . The Comets all revolve round the Sun in Orbits 
of this Elliptic Figure ^ the Sun being fituated in one of 
the Foci. 



H6 (4th.) 



1 
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?5.v.rr: 



in lae jt tl ^.is. -p^ ' : v?Tic:iL if^H 3e a fmrmloy as 
»r -^ :r. ^ 3K l.:s -L :i mscprr iii - in^ rac ^/r.^ ss called 
Es -STj jcT l^zssc^ '^-^ r Tiiig^ rp.s ^ dL^nr A-^^ics is called 
m ^riijemzi snu -rrix ?:>it: ir oac Ajg wmcrt a conrained 
^?j.jw^>^ OBc ^nct ICC ziE ^rrTTTTTTr 5 raTctf zse Jbfijpt, 
^ zs. J:c3i JT 3 ui-iii:^ ? line ir^*=rr ^x-^iisis hath but 
irrc s- iiTvssr* ji 3c Jrrrs jiipdiis rac Tirr, as 'SSLf\ and 
rrK Z^-Bjxuzi^ or l>nc oSC f":^ 3c:iuri. K, 2S caused tfac 




AD Bodies n^QJeaed, t$ jfmv:Sy SiMtSj Cdomau BaUs^ 
and »«<i*r /twi^moYe (wbrtbcr upward or downward) 
in a Carve Line of tiiis Kind, which never returns into it- 
itVly but opens wider and wider, as extended and carried on. 



V. B. On 4is Principle depends die whole Art of 
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) If a Cone be cut by a Plane, as I K, any where pa- 
rallel to its Jxis V L, the SecSion fo made will be an Hy* 
■ perbola^ as P I y K. The Line drawn down through the 
Middle of the Hyperbola^ as I K, is called its Axis^ or inter- 
cepted Diameter. The Part produced above the Se6tion 
till it meet the other Sidie of the Cone continued, as S I, is 
called the Tranfverfe Diameter-^ and the Line drawn from 
the Vertex of the Cone V, perpendicular to the Tranf- 
verfe Diameter S I, to C, is called the 'Semi-conjugate 
•Diameter of the Hyper b^la^ 

All Lines drawn at Right Angles acrofe the Axis are 
called Ordinates ; and that which pafles through its Focus 
(for every Hyperbola^ as well as Parabola^ hz^ one Focus 
or Burning Point near the Top of the Plane, as at /) is 
called the Latus Re^funty as in the Parabola^ EllipftSy and 
Circle^ 




That Part of the Axis which is contained between the 
Vertex I, and the Ordinate, wherever drawn, is called 
the Jlfcifa^ as in the Parabola, 

The 
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The Middle of the Tranjverfe Jxh or Diameter S I 15 
called the Center^ as at C, of the Hyberbola. From which 
Point may be drawn two Right Lines out of the Se<Stion, 
called AfymtoteSy becaufe they will always approach nearer 
to the bides of the Hyberbdoy yet would never touch 
them, though both they and the Sides of the HyperbcJa 
were infinitdy extended* 

Thefe are all the SeiStions thgt can be cut from a Cone ^ 
and from a due Obfervation of them, it is evidently feen 
how one Section degenerates into another. As the Cirgle 
into an EUjp/ts ; the Ellipjis into a Parabola i the Para^ 
bola into a tiyperbcla ; andf the Hyperbola into a plain 2r/- 
angU. And the Center of the Circle, which is its Focus, 
divides itfelf into two Foci b foon as the Circle be^ns to 
degenerate into an EUipfis \ but when the Ellipfis changes 
into a Parabola, one End of it flies open, one of its Foci 
vanifhes, and the remaining Focus goes along with the Pa- 
rabola when it degenerates into a Hyperbola. And when 
the Hyperbola degenerates into a plain Triangle, this Focus 
becomes the vertical Point of the Triangle, that is, the 
Vertex of the Cone. So that the Center of the Cone's 
Bafe may be truly faid to pafs gradually through all the 
Sedions until it arrive at the Vertex of the Cone, ftilj car- 
rying its Lotus Return along with it, where both, the 
Focus and Latus BjSfum^ become coincident^ and terminate 
in the Vertex of the Cone, 
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Q^U A D R A T R E; 

O .R, 

Mensuration of Surfaces arifing from 
the SECTIONS of a CONE, 

^TT^ O find the Foci of any EUipfis. 

From the Square of ^ the Tranfverfe Diameter, fubtra£t 
the Sauare of i the Conjugate ; the Square*Root of the Re- 
mainder will be the Diftance of each Focus from the Center^ 
or Middle of the EUipfis. 

Suppofe the Tranfverfe Diameter A S of an fcUipfis be 
24 Inches, and the Conjugate CD be 18 Inches, what is 
the Diftance of each Focus F from the Center at S f 




Ooeratiom 144—81=63, whofe Root is 7.938 Inches, 
tfie Diftance of each Focus from the Center S. 

Each of the dotted Lines drawn through the two Foci 
parallel to the Conjugate is called the Latus Re/Ium ; and 
the Length may be found by this Proportion :— As the 
Trahfverfe Diameter A B, is to the Conjugate C D ; fo is 
fbc Conjugate C D, to the Latus Return bd^ or r /. 
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problem 2. 

To delineate an Ellipfis, having the Tijnvcrfc and Con. 
jugate Diameter given. 

Let A B he the longer OiameCer, and C D dieih<^er,as 
in the following Figure. 




Two Right Lines drawn from any Point in the Curve 
of the EUiphs to the two Foci^ arc together always equal to 
theTranfverfe Diameter, wz. /f + C F = A ]8, orfG 
+ GF = AB; and this holds good for every Poijit 'm 
the Circumference of the EUipfis. Whence is derived the 
following Method of delineating that Figure. 

ConftnifHon. Firft fet the two Diameters acrofe each 
other at Right Angles, and exa<5Hy in the Middle at M. 
Next, take Half the longer Diameter A M or MB in the 
Compades, and fetting one Foot in C or D, make a Dafli 
each Way acrols the longer Diameter A B, at the Points 
F andj^ which will be the two Foci or Centers on which 
the Ellipfis muft be defcribed. Then in the Points F and 
f ftick up two Pins, and round them put a Thread fo long, 
that it bang doubled may reach from F to B, or from /" 
to A, and tie it feft. Laftly, inferring a Black Lead 
Pencil between the Threads, draw them ftrait, and move 
the Pencil round, keeping the Threads moderately ftretched 
fo will the Point of the Pencil defcribe the Periphery of the 
JEllipfis required. 

Note. The Orbits of all the Planets are Elh'prical, and 
the Sun is placed in or near to one of the Foci of each of 
them i and thai m which he is placed, is called the hwer 
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Problem 3. 

The two Diameters of an Eltipjss being given, to find its 
Circumference. 



Add the Squares of the two Diameters together, and 
Ktra£l the Square Root of their Sum j then to the double 
if that Root add y of the fhorter Diameter i this laft Sum 
rill be the Circumference very near. 



Suppofe the Tranverfe Diameter A B be 24 Inches, and 
he Conjugate CD 18 Inches, what is the Circumference 
of the £U$fJis? 




Operation, d AB 576+ n CD 324= 900, whofe 
^30; then 30 X 2 =z 60 ; and 60 + 6 = 66 Inches, the 
Circumference required 



l^ra- 
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problem 4. 

To find the Area of an ElHpJis^ 

Note, Every Ellipfis is equal in Area to a Circl^whofc- 
Diameter is a mean Proportional between the two Diame- 
ters of the Ellipfis j whence this 

Multiply the Tranfverie Diameter by the Conjugate ^ 
and multiply that ProdUil by .7854^ the laft Produdl wil^ 
be the Area required. 

If th« Tranfvcrfe Diameter of oa EHipfi8> as A HL be a+ 
Inches} and the Conjugate Diameter CD beiSlnchcs^ 
what is its Area ? 




Operation. 24 x i8=:43S X .7854=:: 339.2928 Inchc«^ 
the Area required. 
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problem 5. 

To find the Area of a Segment of an Ellipiis. 

As the Tranfverfe Diameter is to the Conjugate Dia-^ 
meter ^ fo is the Area of the Circular Segment, to the- Area 
of the Elliptical Segment correfponding thereto. 

Suppofe in the EUipfis A C B D, a Segment, as E A F, 
be cut ofF parallel to the Conjugate Diameter CD; and 
fuppoie the Height A G lo Inches, the Tranfverfe Dia- 
meter A B 35 Inches, and the Conjugate C D 25 Inches^^ 
Abatis the Area of the Segment? 




Firft, Half the Chord ^ A == ^ G is a mean Proportional 
between A G lo, and G B 2c, and by Problem 22 at Page 
94« IS found to be ::= 15.811 Inches. 

Next, find the Area of the Circular Segment ^ A * by 
Problem 13 of Planometry, which will be found = 2I7 
Inches.— Then fay, 

Tranf. Dta. Con]. Dia. Clrc. Area, Ellipt. Area. 

As AB 35 : CD 25 : : 227^ A h : 162EAF required^ 

^ After the fame Manner may the Area be found, was^ 
the Segment cut ofF parallel to the Tranfverfe Diameter } 
only then you muft operate with the Circle defcribed on the 
Conjugate Diameter, 
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problem 6. 

To find the Focus of a Parabola. 

Slulr. { 

Divide the Square of i the Bafe by 4 Times the Height ;| 
the Quotient will be the Diftance of the Focus from the! 
Vertex or Top of the Parabola. j 

Suppofe the Bafe A B of the following Parabola be 

Jo Inches, and its Height V C be 24 Inches, what is the 
)iftance of the Focus from the Vertex of the Parabola I 




Operation. nTAB = 225-5-4VC=p6 gives 2.345 
Inches, the Diftance of the Focus from the Vertex V. 

Note. The Bafe A B is often caJled by Mathematicians 
tht Ordinate; and the Height, the Abfcijfa (or Ajcis) of 
the Parabola. 

The dotted Line drawn through the Focus is called the 
Latus ReSfum ; and its Length may he thus determined; 
As the Abjcijfa or Height V C, is to the Semi-ordinatey or 
4 Bafe C B : : fo is i Bafe C B to the Latus ReHum L L. 
The Focus is diftant from the Vertex always i of the Latus 
Rc£lum, 
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To delineate a Parabola^ the Bafe and Height being 
given. 

Let the Bafe of the Parabola to be delineated be 30, and 
its Height 24. 




Conftruflion. Firft^ find the Diftance of the Tocut 
from the Vertex V^ by the laft Problem. Then fet oiFthat 
Diftance from the Vertex, upwards on the Axis continued 
z\.f\ and alfo on the Axisitfelf at F. Next, make afuffi- 
cient Number of Points iri the Axis, as 2it a a a a^ and 
through thofe Points draw parallel Lines cutting the Axis 
at Right Angles, as c c c c. Then, with the Compares, 
take ofF feverally the Diftances a/y and fetting one Foot 
Jn the Focus F, with the other defcribe Arches croiling 
the parallel Lines in c c c c^ &c. Laftly, with an even 
Hand draw a Curve through thofe Interfcdhons, and it will 
^ be the Parabola required. 
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To find the Length of an Arch of a Parabola. 

To the Square of ^ the Bafe add 4 of the Square of th« 
Height ; then twice the Square Root of that Sum Will ht 
the Length of the Parabolic Arch required, very near. 

Let the Bafe A B of. the Parabola be 30 Inches, and itfl 
Height V C 24 IncheS) what is the Length of the Arcii 
AVB? 




Operation. 15 X 15 r= 225 + 768 ±: 993, whofe Sauare 
Root is r: 31.51 X 2 2s 63.02 Inches^ the Length ot the 
Arch AVB fought, ."^ • 
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To find the Area of sl Parabola. 

Multiply the Bafe by the Height; then multiply that 
Produdi by a, and divide that laft rrodufl: by 3, the Quo- 
tient* will De the Area required. 

Suppofe the Bafe AB of the Parabola AVB be 30 
Inches, and the Height V C 24 Inches^ what is its Area ? 




O|;>eiration. 30 x 14 £: 720 x 2 =: 1440 -f- 3=± 4^0 In* 
^hes, Ae Area fought. 

Note. Every Parabola is =j |i of its Circumfcribing 
.Parallelogram* Confeauendy the Bafe liiultiplicd by | of 
the Height will be the Area as above« 
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To find the Area of a Frujlum of a Parabola. 

Find the Area of the top Part, and alfo the Area of the 
whole Parabola, by the laft. Problem ; then fubtrad the 
Area of the Top from the Area of the Whole, and thQ^ 
Remainder will be the Area of the Fruftum required. 

Suppofe in the Parabolic Fruftum A D E B; the Side or 
Bafe A B be 10 Inches, and the Side D E be 6 Inches, 
the Height F C 3 Inches, and the remaining Part F Y 
1.687 Inches, what is the Area of the Fruftum A D E B ? 



V 



iF 



Parabola DV _^ 

The Area of the whole Parabola A V 6=31.240 \ Problem 



The Area of the upper Parabola D V E = 6.74.4 7 per laft 
«... ... .,,.,,. „^ .jPror 



the Difference 24.496 Inches = 
the Area of the Fruftum A D E B fought. ■ 
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l^roiaem 11. 



Of the Byptrbok. 

wdy in the g.gns + (more) and -- (lefs). as is evident in 
AefoUowjngli.gure, where TS and N'* are the TraiU; 
Merfe and Conjugate Diameters bf both SedMpns. 




For in die Ellipfo it will be, 



AsTS-SaxS«:«5xtf*::TS-SAxSA: ABxAB. 

But in the Hyperbola it will be, ' 
btS+StfXS«:fl3x«i::is+SAxSA:ABxAB. 



t 
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|0roblem 12". 

To delineate an Hyperbola^ having the Tranfverfc and 
Conjugate Diameters given. 




Conftru(9ion. Firft, draw the Horizontal Line D 
for the Conjugate Diameter, and upon the Middle of 
ereft perpendicularly the Tranfverfe Diameter A B at B. 
Next, fet one Foot of the Dividers in the Middle of tl 
Line A B, as at M ; and opening the other to the End 
or D of the Conjugate Diameter, dcfcribe the Ciru 
^ ^ ^f^i cutting the Line A B continued upwards am 
dowriwrards in F and /, which Points will be the two Foi 
of the Hyperbola. 

On the Line AB (continued downward) take an 
Number Of Points, as a^ a^ a^ and from/ and F as Gen 

ten 
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ters, with the Diftances A Oy and B^, defcribe Archcs> 
cutting each other in r, r, Cy on each Side the Figure; 
then through ,the Points c^ c, r, draw with a Iteady 
Hand the Curve ^ B r, and it will be the Hyperbola 
required. 

If Right Lines be drawn from the Point M, in the 
Middle of the Tranfv.erfe Diameter, by. the Ends of the 
Conjugate C D, they will be the Afymtotes of the Hyper ^ 
boloy whofe Property it is to approach continually nearer 
the Cujrv^e, and yet never to meet it. 



Note. If the Tranfverfe and Conjugate Diameters (or 
Axes) of the Hyperbola are noc given, their Lengths may 
be determined from the Dimenfions of the Hyperbola itfelf. 
A Problem to this Effed is inferted among the additional 
Problems at the End of the Book, 
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^roWem 13. ' 

To find the Length of an Arch of an Hyperbohy the 
Bafe and Height being given. 

Manv difFerent Hyperbolas may be cut from the fame 
Cone ; out all of them will be lefs (in Area) than a Parabola^ 
and greater than a Triangle^ whence we may deduce this 

mule. 

Firft, find the Length of the Curve as if it were a Para-i 
boJa; and afterwards find the Length of the Hypotbenuji 
as a Triangle of the fame Bafe and Altitude ; then ad( 
the two Sums together^ and half this laft Sum will giv< 
the Length of the Hyperbolic Arch, near enough ii 
Prafiice. i 

Suppofe the Bafe A B of the following Hyperbola be M 
Inches, and the Height VC 2.163; what is the Lengdi 
of the Arch V A, and alfo the whole Arch A V B ? 




A B 

^^^pS^lf'^^^^^ 10.307 by Probkm8ti 

The Length of the Hypothenufe 5 

V A as a Triangle - - J '^ 

the Sum = 20.537 

the Half = 10.268 =2 the Hyp 

bollc Arch V A, which doubled, gives the Length of 

vrholc Arch A V B required. 

1^1 
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t^nriiletti 14. 

To find the Area of an Hyperbola. 

In the foregoing Problem we obferved, that every Hy- 
perbola is greater than Half^ and lefs than two-^btrds of 
US circumArribing Parallelogram : It will therefore be ac- 
burate enough to take all Hyperbolas at a Mean; that is, 
iippofing .every Hyfirbola is i of its circumfcribbg P»> 
Wlelograo), mence thi& 

Multif>ly the Bafe by its Hei^t, and that Prodtift mul- 
iply again by j^ and divide this Jaft ProduA by 8, the 
Jjiotientwillbe (nearly) the Area required. * 

Let A B C be an Hyperbola, wfaofe Bafe A C is 22 
fiche% and the Height BD i4loches9 what is its Area? 




Operation. A C 21 x B D 14 = 308 x 5 = 1540 -^ 
:r 192.5 Inches^ die Area* 

* To determine ^e Lengtb of am Arcbt as well as Area of an Hyper- 
itf, to Mathematical Precifion, other Lines, befides the above, muft 
I taken into the Calculation, which will be difficult for the Leanier 
I tinderftand, till he has made (bme Progrefs in Algebra and the Come 
iffio/is^ 
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THE 

CUBATURE; 

O R 

MENSURATION of SOLIDS, 

ARISINGFROMTHB 

SECTIONS, of a CONE. 

IBroblem i. 

/TT^ O find the Solidity of a Spheroid. 

Def. *A Spheroid is a Solid, approaching to the Figure 
of a Sphere, having one of its Diameters longer than the 
other, and is formed by the Revolution of a Semi-Ellipfis 
about its Axis. If the Spheroid be formed by the Rotation 
of a Semi-Ellipfis round its tranverfe Axis, it is called an 
oblong Spheroid; if generated by the Rotation of a Semi- 
Ellipiis round its conjugate Axis, it is called an oilatg 
Spheroid* 

Slttle^ 

Find the Area of the Circle in the Middle, and multiply 
it by the Length; then multiply that Produft by 2, and 
diviae by 3, the Quotient will give the Solidity. ♦ 

♦ Every Sphere '^nd every Spheroid is equal to | of a Cylinder of 
the fame Diameter and length. 

See another Method of folvlng this Problem at Page 150 in Stereometrj* 
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Suppofe A BCD be an oblong Spheroid, whofe Dia- 
meter in the Middle CD is 33 Inches, and whofe Length 
A B is 55 Inches^ what is its Solid Content ? 



£)per0ttom 

# 

D C D 33 X 33 = 1089 X .7854. rr 85^.3006, the Area 
in the Middle, which x 55 == 47041.5330, which multi- 
plied by 2, and divided by 3, gives 31361.0220 inches, 
the Solidity required. 

Another Way of finding the Solidity of a Spheroid. 

Multiply the Square of the revolving Axe, by the fixed 
Axe^ and this Produdl: again by .5236,* and it will give 
r the Solidity required. 

* .5236 is |.of .7854, the Area of a Circle whofe Diameter i» 
\ Unity, or 1, 

I I 4 i^w- 
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THE 

CUBATURE; 

O R 

MENSURATION of SOLIDS, 

ARISING FROM THE 

SECTION Sof a CONE, 

problem i. 

^TT^ O find the Solidity of a Spheroid. 

Def. A Spheroid is a Solid, approaching to the Figure 
of a Sphere, having one of its Diameters longer than the 
other, and is formed by the Revolution of a Semi-Ellipfis 
about its Axis. If the Spheroid be formed by the Rotation 
of a Semi-Ellipfis round its tranverfe Axis, it is called an 
oblong Spheroid'^ if generated by the Rotation of a Seini- 
Ellipfis round its conjugate Axis, it is called an oblatg 
Spheroid. 

Slule^ 

Find the Area of the Circle in the Middle, and multiply 
It by the Length ; then multiply that Produft by 2, and | 
diviae by 3, the (^otient will give the Solidity, ♦ 

• Every Sphere ^nd every Spheroid is equal to * of a Cylinder of 
the fame Diameter and Length. 

See another Method of folving this ProUem at Page i$o in Stereometry* 
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Suppofe A B C D be an oblong Spheroid, whofe Dia- 
meter in the Middle CD is 33 Inches, and whofe Length 
A B is 55 IncheS) what is its Solid Content ? 




£)petatiott^ 

* 

D C D 33 X 33 =r 1089 X .7854- — 85^.3006, the Area 
in the Middle, which X 55 =47041.5330, which multi- 
plied by 2, and divided by 3, gives 3 156 1.02 20 inches, 
the Solidity required. 

Another Way of finding the Solidity of a Spheroid* 

Multiply the Square of the revolving Axe, by the fixed 
Axe^ and this Produ(ft again by .5236,* and it will give 
the Solidity required. 

^ .5236 is |Lof .7354, the Area of a Circle whofe Diameter it 
Unity, or X. 

I + i^w- 
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problem i. 

/T^ O find the Solidity of a Spheroid. 

Def. *A Spheroid is a Solid, approaching to the Figure 
of a Sphere, having one of its Diameters longer than the 
other, and is formed by the Revolution of a Semi-Ellipfis 
about its Axis. If the Spheroid be formed by the Rotation . 
of a Semi-Ellipfis round its tranverfe Axis, it h called an | 
ohlong Spheroid y if generated by the Rotation of a Semi- i 
EUipiis round its conjugate Axis, it is called an ohlaU I 
Spheroid. , 

IRttle^ 

Find the Area of the Circle in the Middle, and multiply 
It by the Length; then multiply that Produftby 2, and 
diviae by 3, the Quotient will give the Solidity, * 

• Every Sphere^xA every Spheroid is equal to * of a Cylinder of 
the fame Diameter and length. 

See another Method of iblving this ProUem at Page 150 in Stereometrj^ 
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Suppofe A B C D be an oblong Spheroid, whofe Dia- 
meter in the Middle C D is 33 Inches, and whofe Length 
A B is 55 Inches, what is its bolid Content ? 



£)petatiom 

» 

D C D 33 X 33 = 1089 X .7854. rr 85^3006, the Area 
in the Middle, which x 55 = 47041.5330, which multi- 
plied by 2, and divided by 3, gives 3 136 1.02 20 inches, 
the Solidity required. 

Another Way of finding the Solidity of a Spheroid. 

Multiply the Square of the revolving Axe, by the fixed 
Axe^ and this ProducSk again by .5236,* and it will give 
the Solidity required. 

^ .5236 is I of .7354, the Area of a Circle whofe Diameter is 
Unity, or X, 

I + i^ro- 
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problem i. 

O find the Solidity of a Spheroid. 



Def.A Spheroid is a Solid, approaching to the Figure 
of a Sphere, having one of its Diameters longer than the 
other, and is formed by the Revolution of a Semi-Ellipfis 
about its Axis. If the Spheroid be formed by the Rotation 
of a Semi-Ellipfis round its tranverfe Axis, it h called an 
ohlong Spheroid; if generated by the Rotation of a Semi- 
Eilipiis round its conjugate Axis, it is called an ciJati 
Spheroid. 

Find the Area of the Circle in the Middle, and multiply 
it by the Length ; then multiply that Produft by 2, and 
diviae by 3, the Quotient will give the Solidity, * , 

• Every Sphere ^nd every SpberM is equal to * of a Cylinder ol 
the fame Diameter and length. 

See another Method of iblving this Problem at Page 150 in Stereometrji 

* 



\ 




Practical Geometry. i7S 

Suppofe A B C D be an oblong Spheroid, whofe Dia- 
meter in the Middle CD is 33 Inches, and whofe Length 
A B is 55 Inches, what is its Solid Content ? 



£)petatiott4^ 

D C D 33 X 33 = 1089 X .7854 = 85f?. 3006, the Area 
in the Middle, which X 55 =47041.5330, winch multi- 
plied by 2, and divided by 3, gives 31561.0220 inches, 
the Solidity required. 

Another Way of finding the Solidity of a Spheroid. 

Multiply the Square of the revolving Axe, by the fixed 
Axe, and this Produd again by .5236,* and it will give 
the Solidity required. 

• .5236 is I of .7854, the Area of a Circle whofe Diameter i» 
Uftity, or x, 

I + i^w- 
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problem 2. 

To find the Solidity of a Segment of a Spheroid. 

Def. A Segment of a Spheroid is a Part cut off by a 
Plane perpendicular to one of its Axes or Diameters. 

If the Segment be cut off perpendicular to the Tranjkjerji 
jtxe^ obferve this 

JRuIe. 

Divide the Square of the Conjugate Axe by the Square 
of the Tranfverle Axe; multiply the Quotient by the i>if- 
ference between three Times tne Tranfvcrfe Axe, and ttvtc^ 
the Height of the Segment; multiply the Produft by the 
Square of the faid Height, and tliis Produ£t multiplied 
again by .5236, will give the Solidity required. 

c^irainplef 

Suppofe in the following Spheroid, the Tranfvcrfe Axe A B 
be 50 Inches, and the Conjugate C I> 30, and the Height of 
the Segment AG ^ Inches; what is the Solidity of the Seg- 
ment EAF cut off perpendicular to the Tran/ver/e Axo'f 

^ JE 
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Operatiom D of Conjugate 900 •4- zjoo a of Tranf- 
verfe is = .36; this X by 140 (the Difference between three 
Times the Tranfverfe and twice the Height of the Segment) 
is = 50.40, which X by 25 d of the Height is = ^605 
this X by .5236 gives 659,7360 for the Solidity required. 

Note. If the Segment he cut off perpendicular to the Con^ 
jugate Jxisy then divide the 1 ranfverfe Axe by the Con- 
jugate Axe; multiply the Quotient by the Difference be- 
tween three Times the Conjugate Axe, and twice the 
Height of the Segment ; multiply the Produd by the Square 
of the faid Height, and this laft Produft multiplied agam by 
.5236, will give the Solidity of the Segment fought. 
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ptoWem 3* 

To find the Solidity of the Mddli Zone of a Spheroid. 

Def. The Zone of a Spheroid is the Part remaining 
when the two Ends are cut off by Planes parallel to each 
odier ; if the Planes are equally diftant from the Middle, 
it is called the Middle Zone of the Spheroid. 

To twice the Square of the Diameter in the Middle, add 
die Square of the Diameter of either End ; multiply this 
Sum by the Length of the Zone, and that Produft multiply 
again by .2618, a Decimal, and the laft Produft will give 
the Solid Content. 

dty ample*. 

Suppofe A B C D E F be the Fruftunu or MidMe Zone- 
of a Spheroid^ the Middle Diameter B E is 50 Inches ; 
the Diameter of either End A F or C D 40 Inches ; and 
the Length L N 18 Inches ^ what is its Solid Content ? 



Operation. 2 n B E ^oco + d C D or A F = 1600 
=: 6600 X LN 18 rr 118800, which X .z6i8 gives 
31*01.8400 Inches, the Solidity fought^ 

I i |3ra. 



178 PRACTiCAt Geometry. 

problem 4- 

To find the Solidity of a Paraholk Conoid* 

Def. A Parabolic Conoid is a Solid, formed by the fi;.e«- 
volution of a Semi-Parabola about its Axis, 

Multiply the Area of the Bafc, by Half the Height, 
and the rrodu£l will be the Solidity required. * 

Suppofe A 6 CD be a Parabolic Conoid, whofe Dia* 
meter of its Bafe A C is 40 Inches, and Height B D is 30 
Inches, what is its Solid Content? 



Operation.' A C 40 x 40 =: 1600 X .7854 = 1256.6400, 
the Area of the Bale, which X 15 half & D 1= 18849.6000 
Inches, the Solidity required- 

* Every Parabolic Conoid is equal to i its ciraunfcriblng Cylinder. 
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5^roWm 5. 

To find the Solidity of a Frujium of a Parabolic Conoid. 

Multiply the Sum of the Squares of the Bottom and Top 
Diameters by the f ruftum's Height, and that Produft 
Qiultiply again by .39271^ a Decimal, and it will give the 
Solidity required. 

Suppofe A B C D be the Frujium of a Parabolic Conoid^ 
the greater Diameter A D being 58 Inches, thelefler Dia- 
meter B C 30 Inches, and the Height^ A 18 Inches, what 
is the Solid Content I, 



Operation. D AD 3364 + n BC 900 = 4264 x 
gh i^ '=' 7^)752 X 3927 = 30140.5104 Inches, the Soli- 
dity required. 

♦ .3917 is the Half of .7S54, the Area of a Circk whofe Diameter 
is I. 

16 |Dra. 
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To fixri die Sda&j of a Pmnih$Ec Spimdle. 

De£ A PmrmUu Spim£e is a Solid scnerated by the 
Rcvohaioa of a Pmrnlm about its grtate/l Ordinate or 

MuhipiT the Jhem of the Cude in the Middle by the 
Length, wludi Pkoduft muhiplied agadn by 8, and that 
Prodhii^ divided by 15, gives in the Quotient the Solidity ; 
required.* 

Suppofe ABCD be a ParshJic SpimJIt. vvfaofeDia- 
meter m the Middle A C is ^4 Inches, and the Length 
BD is 60 Indies, what is its Solid Content? 




Operation. A C =: 34 x 34 = 1156 X .78;4 =: 
907.9224, the Area of the Circle in the Middle, which 
X BD = 60 = 5447S-34409 which x 8 = A35802.7520 
-7- 15 = 29053.5168 Inches, die Sdidity fought. 

* Every ParaboGc SphuBe is equal to ^ of its circumTcribing Cy-i 
linder i or, iiiiild]^y the Sqoaiv of die Diameter in the Middle by the 
]jnigtb» tad that Prpdaft again by .418S79 := -^ of •7854. 
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^voMem 7. 

To find the Solidity of the Middle Zone of a Parabolic 
Spindli. 

To twice the Square of the Middle Diameter add the 
iSquare of the Diameter of the End ; from this Sum fub- 
tta£l .4 (Tenths) of the Square of the DiflFerence of 
the two Diameters ; multiply the Remainder by the 
Length, and that Product divided by 3.8196 will give the 
Solidity of the Zone required. 

Suppofe A B C D E F be the Mddk Zone^ of a Para^ 
iolic Spindle ; the Diameter of which in the Middle B £ is 

J 6 Inches ; the Diameter at the End C D or A F is 20 
nches; and the Length / » 36 Inches, what is its Solid 
Content ? 




Operation. B E 36 X 36 X 2 + C D 20 X 20 rr 2992 ; 
and BE 36 — C D 20 = 16, the Difierence of the two 
Diameters. Again, 16 X 16 = 2c6^, 4-tenth$ of which is =: 
102.4. Then, 2992 — IP2.4 x /« 36 = 104025.6, which 
*r 3.8196 gives 27234.68, ^c* Inches, the Solidity fought. 
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To find the Solidity of an Hyperbolic Conoid. 

Def. An Hyperbolic Conoid is a >SoIid made by the Re-<> 
volution of a oemi-hyperbola about its Axis« * 

ik\Au 

To the Square of the Radius of the Bafe, add the Square 
of the Diameter in the Middle between the Top and Bot- 
tom ; this Sum multiplied by the Height, and the Produitj 
multiplied again by .5Z36, will give the Solid Content. I 

SuprxJfc ABCDEF be a Hyperbolic Conoid; the 
Semi^diameter A F of whofe Bafe A E is 52 Inches ; the | 
Diameter in the Middle B D -68 Inches, and the Height 
C F 50 Inches, what is its Solid Content \ 




Operation, n A F 52 = 2704 + d B D 4624 = 732J 
X CF 50 =366400 X .5236 = 191847.04 Inches, 'the 
Solid Content required. 

• An Hyperbolic Conoid is a Solid whofe Sides are ftraiter than a 
PariMic Conoid, yet more curved than a Co»e, 
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To find the Solidity of the Frujlum of an Hyperbolic 
inoid. 

To the Sum of the Squares of the Semi'diameters of 
he Bottom and Top of the Fruftum^ add the Square of the 
Hhole Diameter in the Middle; this Sum being multiplied 
jr the Height, and that Product again by .5236, will give 
le Solid Content. 

\ Suppofe A B CD be the Fruftum of an Hyperbolic Co-^ 
wid\ the Semi-diameter A T of the Bottom meafures 16 
^ches; the Semi-diameter B H of the Top ii Inches; 
jriie Middle Diameter md 28.17 Inches, and the Heigh( 
H T 20 Inches, what is its Solid Content ? 



H 




Operation, d AT 2c6 + d BH 144 + d md 
793.5489 = 1193.5489 X HT.20 = 23870-9780 X .(;»36 
:= 12498.84408080 Inches, the Solidity required. 

Note. 



Practical Geometry. 



1 



Note. As many Houfhold Utenfils are in the Shape ct 
fome of the foregoing Figures^ as, for Example, Tuuf 
and Tubs in Form of Fruftums of Cones or Q>noids ; Fur^ 
naces and Coppers in Form of Parabolic or Hyperbolic Co^ 
no ids ; * Cajfks in Form of the Middle Zones ot Spheroid^^ 
Parabolic Spindles^ Double Fruftums of Parabolic Conoidsy 
and Double Fruftums of a Cone ; the Quantity of Liquor 
contained in each may be eafily afcerlained by dividing (as 
before in Planometry and Stereometry) die Solid Content 
in Inches by 



282 for Ale Gallons. 
23 1 for Wine Gallons. 
2150.42 for Corn Bufhels. 



With refpeS to Ca^Sy it may be difficult, on Account 
of the different Bending of the Staves, toafcertain exaftly 
th6 Form to which they belong; for though the Dimen- 
fions of feveral Cafks may be exaftly the &me, yet their 
Contents will be very different, as is clear from a Sight ot 
the foUowrng Figure. - 1 



• The fifing Crowns of Stilb are Segments of Spheres ; the it- 
maining Pait generally the Fruftum of a Parabolic Conoid y Bonul^ 
and Bafons 9xt generally the Segments of Spheres, and meafured ac-j 
cordingly. 



Suppofej 
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Suppoie ABCDEF to reprefent a Calk ; then, it 1$ 
^dent, that if the outer curved Lines ABC and D E F 
me the Boundaries or Staves of the Cafk, it muft of Courfe 
lold more than if, the inner and ftraiter Lines were the. 
Sounds and Staves of it, yet the Dimenfions of the Bung 
Diameter B E, and Head Diameters A F and C D| %ndL. 
he Length L H, are the fame in all the Caflcs. 




If the Staves of the Caflc arc very much curved or 
irchinff, as the outer Line in the foregolne Figure, it is 
fuppofed to be in the Form of the Middle Zone 0/ a 
Spberoidf and its Content may be found by Problem 3d. 

I If the Staves are not quite fo much curved or arching, 
llffi reprefented in the fecond Line in the Fieure, it is taken 
^r the Middle Zone of a Parabolic Spindle^ and is mea<- 
fured by Problem 7th. 

I When the Staves are but little curved of arching, as the 
Aird Line in the Figure, it is fuppofed to.be in the 
Form of the lower Fru/tums of two equal Parabolic Conoids 
|oined together upon one common Bafe in the Middle, 
land its Content may be found by Problem 9th.' 



ff 
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If the Staves are quite ftrait from Bune to Head, as the 
inner Lines in tHc Figure, it is then confickrei as the lower 
Fruftums of two equal Cones joined together upon one com- 
mon Bafe, and its Content may be found by Problem Bth. 
in Stereometry. ' 

Note. Calks made In the firft Form hold the moft ; and 
thofe of the laft Form hold the leaft of any other Kinds^ 

But Hnce we can only at laft guef$. as it were^ at the 
Variety or Form which the Cafk belongs to, the eafieft 
and beft Way of finding its Content is to be preferred \r\ 
Praftice, which is to find fuch a mean Diameter betweeii 
the Bung and Head Diameters as will reduce the Ca(k toj 
a Cylinder equal to it, which may be done by the following'' 



Multiply the DifFerence between the Bung and Head 
Diameters by .7, or by .65, or by ,6, or by ,55, accord- 
ing as the Staves are more or lefs arching ; add the Product 
to the Head Diameter, and that Sum will be a mean Dia- \ 
metery /. e. it will be the Diameter of a Cylinder, whole ' 
Length and Content are equal, as near as can be, to that i 
oftheCafk. . I 



Suppofe a Gafk whofe Bung Diameter is 31*5 Inches; I 
the Head Diameter 24. c Inches, and its Length 42 Inches, i 
what is its Content in Ale Gallons ? 



Operation. 



r 
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Operation. The Bung Diameter 31.5 lefs the Head 
Diameter 24. ^ is equal to 7 ; which multiplied by the 
Numbers in the above Rule, according as the Cafk is more 
pr lefs arching, and added to the Head Diameter, the fe* 
veral mean Diameters will be for the 



3 Varieti; j I7' V^l^^,:^ \ WsS f Gallons 
4Vanety I2S.SS J "^ '""^^ ^ I 94.03 J 



But if the Young Geometrician wiihes to fee the whole 
Method made ufe of in Pradice by the Otficers of the 
Sxcife Duty, for finding the Contents of all Kinds of Veflels, 
^e may find an ample Account in the Toung GauferU heft 
Jnftru£for^ written fey the Author of this Work. In which 
I Work is inferted. an eafy Method of finding the Content 
of any Cade, without conhdering the bending of the Staves^ 
\fx regarding what Variety it bdongs to. 



TH£ 



^ 
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THE 

FIVE REGULAR BODIES; 

COMMONLY CALCED THE 

PLATONIC SOLIDS. 

ALL thofe Solid Bodies whofe Sides are equal, and whofe 
Superficies are fimilar and equal, and which can be fo 
incJofed within a Sphin^ that each Angle (hall touch the in* 
ternal Surface of that Sphin^ are called RiguUr Bodiis % 
of which Bodies there are in Nature no more than fivty 
viz. the Titraedron^ Hixaedron^ OJiaedrcn^ Dcdicaedron^ 
and Icofa$dr9n. 

Of tbi Titroidron. 

Def. A Titraedron is a Body contained under four ea ual 
and ec^uilatcral plane Triangles ; confequently, ^ fucn a 
Solid is ^ Pyramid ftandihg on an equilateral triangular 
Bafe J and its Supirficies is equal tb four Times the Area of 
theBafe. 

To conceive a more pcrfcfl: Idea of the Titraedron^ the 
Learner may draw a Figure like this upon Pafteboard^ 




or any other pliable Matter ; then by cutting the Lines 
half through, turning up the Parts, and gluing thcn\ toge- 
ther, they will form a complete Tetraedron ; and this I 
would advife him to do, as he may by that Means more 
readily perceive the Reafon of the following Operations. 
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l^roWem i. 

To find the Solidity of a TetraUron. 

IHttfe. 

MultipI^F the Area of one of the Triangles by 4- ^f the 
-Perpendicular Height of the Figure, and the Prodfu^ will 
be the Solid Content. 

Suppofe A B C DE to reprefent a Tetraedron. each of 
whofe Sides, as A B, B C, and C A, are 6 Inches j the 
Height D E of one of the Triangles 5.196 Inches; and 
the Perpendicular Height of the Figure 4.899 Inches, what 
IS its Solid Content ? 




' Operation. 5.19^, the Height of one Triangky multi- 
plied by 3, Half the Side of the Bafe, gives 15.588, the 
Area of one Triangle, which multiplied by 1.633, one-third 
of the Pex-pendicuTar Height^ of the Tetraedron, gives 
25.455204 Inches, the Solid Content required. 

For the Superficial Conttnt. multiply 15.588. the Area 
of one Triangle, by 4, the Number of Triangles, and it 



makes 62.352 Inches, the Superficial Contmx. 



Of 



^ 
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Of the Hexaedron. 

Def. An ttixdidron^ or Cube, hath equal Length 
Breadth, and Depth, like a Dit^ and is contained undej 

fix Sauare Planes; confequently the Solidity is equal tc 
three Dimenfions multiplied by each other, and the Super- 

ficies equal to fix Times the Area of the Bafe, or one of its 
Sides. 

A Figure drawn upon Pafteboard fimilar to this hen 
inferted, having the Lines cut half through, folded up, and 



2 J 4 
S 



glued together, will form the true Figure of an Hexaedrid 
or Cube. ♦ | 



• An Hexaedron being the feme Figure as the Cube^ the MeaftiiJ 
of which having been confidered before in Stereometry , maken it unJ 
neceffary to infert it here, unlefs to prcferve the Pit)priety of repreJl 
fenting the Five Platonic Solids in a regular Order, ^ 
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To find the Solidity of an Hexaedron. 

I The HexQledron being only a Cube^ is mcafured by niul- 
pplying the Side into itfelf, and that Product again by the 
lide, and this laft Produft will be the Solidity required. 

Suppofe the Side A B = B C = CD, ^c. of an 
ffexai'dron be 6 Inches, what is the Solid Content? 




^ Operation. The Side 6 multiplied by 6, gives j6, 
which multiplied again by 6 gives 216 Inches, the Solidity 
required. 

' For thfe Superficial Content, multiply 36, the Areat)f 
[one of the Sides, by 6, the Number of Sides, gives 216 
Inches, the Superficies fought. 
I Of 
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Oftbi OeiaUron. 

Def. An OSldiiron is a Solid compofed of Eight eqi 
Pyramids, whofe Tops all meet in a Point at the Cent 
or the Solid ; tho Bafe of each being an equilateral Xriang 
and each equal to the other ; or, it is compofed of ti 

fuadr angular Pyramids joined together by their Ba< 
ke SuperficiiSy therefore, is equal to eight Times I 
Area of one Triangle, and the Solidity equal to the So 
dity of the eight compofin^ Pyramids^ or to twa ^ 
irangular ones. 



A fimilar Figure to this here delineated, being drai 
upon Pafteboard, cut half through in the Lines, fold 




up, and glued together, wilt give the Learner an adeqid 
Idea of an O^a'idron^ as compofed cither of eight Equm 
teral Triangular Pyramids^ or of iw9 ^adr angular onk 

ft 
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^roWem 3. 

Xo find the Solidity of an O^iaedron. 

Multiply the Area of the Square Bafe in the Middle by i 
Part of the Height of both Pyramids, and the Produil will 
|ie die Solid Content required. 

Suppofe A B C D be an 05laedron^ whofe Side A B = 
IB C := C D, ^V. is 6 Inches ; the Height of one of its . 
pides, as E F, 5,196 Inches ; and the Perpendicular Height 
u>f the two ^adrangular Pyramids B D 8.484 Inches j what 
[is its Solid Content i 




Operation. 6, the Side, multiplied by 6, is 36, the Area 
of the Sauare in the Middle, which multiplied by 2.828, 
Qne-thirdof both PyramidSy givcs ioi.8o8 Inches, the Solid 
I Content foiight. 

For the Supirficial Content^ multiply c. 196, the Height of 
one Triangle, by 3, half the Side of the Bafe, and that 
Produ(9; multiply by 8, the Number of Triangles, gives 
124.704 Inches, the Superficial Contents 

K • Of 
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Of the Dodecaedron. 

Def. A Dod^caedrm is a Solid compoied of twelve equal 
Pyramids, whofe Tops all meet in a Point at the Center 
of the Solid ; the Bafe of each Pyramid being an equilateral 
Pentagon, and equal to each other. The Superficies of fuch 
a Body is therefore equal to twelve Times the Area of one 
Pentagon \ and the Solidity is equal to the Solidities of 
the twelve compofing Pyramids. 



If there be drawn upon Pafteboard a Figure like the fol-! 
lowing Projection i and the Lines be cut half through,' 




folded up and glued together, the feveral Pentagons will 
thea form the true Figure of a Dodecaedrcn. 



^th 
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|0ro6Iem 4- 

To find the Solidity of a Dodtca'edron. 

Find the Solid Content of one of the Pyramids, and mtd'- 
itiply it by 12 (the Number of Pyramids containe4 in the 
figure), the Product will be the Solid Content. 

Let A B C D E, &c. reprefent a Dodecaedron^ each Side 
jof which is equal to 6 Inches; the Height of one of the * 
Pentagons, as OP, is 4.129 Inches; and the Altitude of the 
Hvhole Figure 13.362 Inches; half of which is the Altitude 
of one of the Pyramids, viz. 6.68 1 Inches; what is its 
JSolid Content ? 

C 




Operation. 4.129, Height of one Pentagon, multiplied 
by 1 9, half the Sum of its 5 Sides, gives 61.9350 for the Area 
of one of the Pentagons ; which multiplied by 2.227, one- 
third of the Height of each Pyramid, gives 137.929245, 
the Content of one Pyramid ; which multiplied again by 12, 
tfie Number of Pyramids, gives 1655.150940 Inches, die 
olidity required. 

For the Superficial Content^ multiply 61.935, the Area 
f one Pentagon, by 12, the Number of Pentagons, and 
Se Produ£J: gives 743.220 Inches, for the buperficial 
ontent. 

Kz ^ Of 
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Of the Icofaedron* 

Dcf. An Icojasdron is a Solid made up of twenty Py- 
ramids, whofe Tops all meet in a Point at the Center of 
the Body; the Bafe of each Pyramid being anT^quilateral 
Triangle, and equal to each otner. The Superficies, there- 
fore, is equal to twenty Times the Area of one Triangle ; 
and the Solidity equal to the Solidities of the twenty com* 
pofmg Pyramids. 




We have added the annexed Figure, that the Learner, 
by drawing a fimilar one upon Pafteboard, cutting the 
Lines half through, folding them up together, as direfted 1 
before, for the other Regular Solids^ may conceive a perfedl ! 
Idea of the Figure and l)imenfions of an Icojaedron. j 



i0r(»- 




Practical Geometry. 197 

To find the Solidity of an Icofa'edron* 

I "Find the Content of one of the Triangular Pyramids, 
vrbich multiply by 20, the Number of all the Pyramids, 
and the Produfl: will be the Solid Content required. 

Let ABCDE, &c. be an Icofaedron^ each Side of 
which is 6 Inches ; the Perpendicular of one of the Tri- 
angles, as GK, is 5. 196 Inches j the Height of the whole 
Figure is 9.069 Inches; half of which is 4.53i|.Inches, the 
AltitucU ofen^ oftht Pyramids^; what is its bolid Content ? 

& 




Operation. Multiply 15.588, the Area of one Triangle, 
by 1.5 115, the third Part of the Height of one Pyramid, 
the Product 23.561262 will be its Content, which multiplied 
by 10, the Number of all the Pyramids, gives 471.24612 
Inches, the Solidity of the whole Icofaedron. 

For die Superficial Content^ multiply 15.5W, the Area of 
one Triangle, by 20, the Number of all the Triangles, and 
the Product 3 1 1.76 is the Superficial Content. 

K 3 From 
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§ 



i[>{ieratton* 



Cube of 6. 


Soltd Content. Cube of z 


As 216 


25.4552 I 


216 


6. I 


216 


101.808 1 


216 


i6i;5.i509 1 


216 


471.2461 I 



From the Solidity and Superficies thus found of thefore- 
:oing Bodies, the Solidity andf Superficies of any other like 
Jody may be eafily obtained by having the Side only given. 
For, as all fimilar or like Solids (efpecially thefe regular 
ones) are to one another as the Cube of their like Sides ; 
and their Superficies alfo being fimilar and alike^ are there* 
fore to each other as the Squares of their like Sides^ we 
have this 

As the Cube of the Side of any of the foregoing Solids 
is to its Solid Content, fo is the- Cube of the Side of any 
other like Solid to its Solid Content, 

And, as the Square of the Side is to its Superficial Con- 
tent, fo is the Square of die Side of the like Body to its 1 
Superhcial Content. 

^ What is the Solidity and Superficies of each of theRcgular 
Solids, fuppoflng each Side of them to be i Inch, or t 
Foot, &ci 

For the Solid Contents. 



, Solid Content. 

.1178 — ofTetra'edron. 
1. 0000 of the Hexaedron* 

.4714 + OSiaedron. 
7.663 + Dodeeaedroftm 
2.i8i6 •— Icofaedron* 

For 
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For the Superficial Contents, 

V £>ptrdtiott^ 



quart of 6. 


Saperf. Cont. 


Sqo.ofi. 


Supof. Cost. 


As 35 


et.zs^ 




1.732 of At Tetraedron. 


36 


si6. 




6.000 — Hixaedren. 


s<s 


124.704 






36 


743.24 




«o.645 '^•'^Dodecaedron* 


36 


311.76 







Note. By the(e laft Numbers, t(ie Solidity and Super- 
ficies of any of the Regular Solids may be found eaiier than 
Dy the former Operations. For, here you need only mul- 
tiply the Cube of the given Side by the Number expreffing 
the Solid ConteYit in the T^hle, to^ know its Solidity ; and 
the Square of the Side multiplied by the Number expreffing 
the Superficial Content will give the Superficies of that Body* 



As it may be uieful to determine the Length of the Sides 
of any of the Regular Bodies in^ribed in a Sphere of any 
given Dimenfions; we fhall here annex an eafy Geo* 
meuical Problem for that Purpofe. 



K4 ipto- 
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Practical Gbomstry. 
I^rotilnn 6. 



n 



To find the Length of the Sides of the five Regular 
Solids infcribed in a Sphere of any given Dimenfxons. 

Suppofe the Diameter of the given Sphere be 2 Inchef^ 
what are the Lengths of the Sides of each of the five Re- 
gular Bodies that can be circumfcribed by it ? 



A 




Conftru£lion. Let D R be the Diameter of the given 
Sphere of two Inches; and letDazzabzzbK be f 
(one third of that Diameter). Ered the Perpendiculars 
a i and cf^ and draw the Chords D /, D/J e R, and /R. 
Then will 

( ift.) R ^ be the Length of the Side of the Tetraedron = 
1.62 Inches. 

(ad.} D/, the Side of the HixaeJron^ =: 1.19 Inches* 

(^d.) D/ zz/R^ the Side of the O^aUron^ = 1,41 
Inches. 

(4th.; 



r 
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. (4th.) Cut the Chord De in extreme and mean Propor- 
tion, by Problem 23, in A, and D h will be the Side of the 
Dodeeaedron zz 0.71 Inches. 

(5th.) 'Set up the Diameter D R perpendiGuIarly at R, 
and froni the Center c^ to the Top at G, draw the Line 
c G, cutting the Arph at k^ and draw the CHord k Ky 
which will be the Side of the Icofa'edron = 1.05 Inches, 



If any of thefe five Bodies were required to be cut out 
of a Sphere of any other Diameter, the Rule will always 
hold. 



As the Diameter of the Sphere 2 Inches, is to the Side 
of any one Solid infcribed in it, as fuppofe the Icojaedron 
1.05 Inches : : fo is the Diameter of any other Sphere, 
fuppofe 12 Inches, to 6.3 Inches, the Side of the Icofa'edron 
infcribed in that Sphere. * 



This Problem may be ufeful to thofe who want to cut 
out any of the above Bodies in Wood or Stone to a de- 
terminate Size, either for Diah^ or Ornaments for Gate- 
ways, ^^. 



• In this Manner the Sides of all the Regular Solids infcribed in a 
Sphere of 12 Inches may be eafily found to be as under: 

The Tefraedrm ^,71 HexaedronS.g; O^aedronS,^^ Dodecaiiron 
^.2 \ Icofaidron 6.3 Inches, 



Note. 
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Note, There is one Thing very remarkable refpedl- 
ine thefe Five Bodies, which is, diat if an abfolute 
Plenum takes Place in the Uhiverfe (a DoSrine held 
by fome Philofophers), then the conitituting Particles 
of Matter muft be in the Shape of fome one of thefe Solids^ 
for there are no other Bodies, let their Figurability be what 
they may, but will, when combined together, leave ibme 
Vacuity or Interftice between them* 
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ADDITIONAL PROBLEMS. 

TO continue a Right Line to a greater Length than- 
can be drawn by a Ruler at one Operation. 

Suppofe A B be the Line given, which cannot be made 
longer at one Operation, by Reafon of the Ruler being of 
the fame Length. 



\b \/h 



^e\ 



; • < i 
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Operation. With the Compaflcs ojjened to the Length 

i of the given Line A B, fet one Foot in A* and with the 

other defcribe the Arch b c ; upon which, from the End of 

the given Line at B, fet off two Points, as e and/. On 

each of which Points alternately fet one Foot of the Com- 

paflSs ^opened to any Widenefs) and defcribe the Arches 

I interfering each other at h \ to which, from thfe End of the 

I given Line, lay a Ruler, and continue the faid Line at 

I Pleafure. By this Means a Line of any determinate 

Length may be drawn with a very fliort Ruler, 
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fdrobfem 2. 

To find the Length of any Arch of a Circle, 

Let A C D be the Arch, whofc Length is required. 



c 

^ 1^ ...-•• --•.^ 

A^^ 71 7^ — ^ ii> 



1 
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Operation. Divide the Chord A D into 4 eoual Parts, 
and fet off one Part from A to ^; then draw a Line from 
h to the End of the 3d Divifion on AD, and it will be 
nearly equal to half the Arch ; which doubled, will give 
the Length di the whoU Arch A C D required. 

To find the fame more exaflly in Numbers » 

mule. 

Multiply the Radius of the Circle by the Number of 
Degrees in the given Arch, and that Produft multiply 
again by .0174533 (a Decimal), and this laft Product will 
be the Length. ot the Arch required. 

Suppofe the Diameter of a Circle be 22.6 Inches, and 
the Arc, or Part of the Circumference given, be 52 De- 
grees 15 Minutes, what is its Length ? 

Operation. The Decimal of 15 Minutes is .2^, which 
added to 52 Degrees is 52.25. Then 52.25 x iii3 the 
Radius = 590.425, which x .01745 gives 10.30291625 In- 
ches, the iru€ Length of the Arch required. 
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problem 3. 

- To divide a given Right Line into an infinite Number 
of Parts. 

Let the Line given be E F to be divided into a Number 
of Parts, exceeding any finite Number. 



JB- 
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Operation. Firft, fct the Line EF upright between 
the 2 parallel Lines A B and C D, and fuppofe them in- 
finitely extended to the Right Hand ; then it is evident, 
that in the Line C D infinitely extended there may be 
taken an infinite Number of Points, <?, b^ ^,. ^, &c. Now 
if to each of thefe Points there be drawn R.ight Lines from 
the Poiijt A taken in the Line A B, to the Left of the Line 
E F, each of thefe Lines A ^, A ^, A f, &c. will cut off 
a fmall Portion of the Line E F ; but becaufe . the Points 
tf, by Cj &c. are infinite in Number, fo like wife are the 
Lines A a^ A i, A c, &c. and confequently the Parts, or . 
fmall Portions, they will cut off from the Line E F will be 
infinite in Number too. Whence it is manifeft that the 
Line E F, however fmall, may be divided into an infinite 
Number of Parts. 

Note. The fmalleji Particle of Matter^ as well as the 
largeft, is capable of an infinite Divifion. 



2o6 Practical Geometry. 



To (hew that an Jnglej as well as a Line, may be con- 
tinually diminiihed, and yet never be reduced to Nothing* 




the Point A, draw the Lines A r, A /, Ag^ &c. to the 
3^» 4^7 &C' Triangles. Whence it is 
plain, that €very Line drawn from A, to the Top of every 



fucceeding Triangle, will make a lefs Angle with the Line 
A B, than the Line immediately before if. But no Right 
Line drawn from the Point A to the Top of any Trian- 
gle fet upon the Line A B, how far off foever, could ever 
coincide with the Line A B ; therefore the Angle at A will 
be continually diminifhing, but can never be exhaufted, or 
come to nothing. 

Note. The Line ab of the firfl Triangle will never be 
quite cut off by any Line drawn from A to the Top of any 
Triangle ; a Part of it towards the Bottom will flill remaif^ 
which proves here, as in the lafl Problem, that Matter is 
SviftbU ad infinitum. 



]^rO: 



Operation. Let A B be a Right Line produced to an 
infinite Length bevond B. On this Line let there be 
placed an iniinite Number of Equilateral Triangles^ as 
A ab^ bcd^ def^ &c. clofe to each other. Then nom 



r 
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To reduce a Parallelogram to a Square equivalent in 
jArea to it. 

A ^an having a Pannel of his Cupboard 12 Inches fquare 
broken out| and having by him a Board 9 Inches broad, 
~^d 16 Inches long, which is equal in Area to it, wants to 
low how this Board muft be cut through into 2 Pieces, 
as exa£lly to fit the faid Hole of 12 Inches fquare. 



4. 8 i2 7f n 



1> 



Operation. Firft, divide the Breadth A C int» 3 e^ual 
Parts, and the Length into 4 equal Parts, and draw Lines 
acrofe as in the Figure. Then, if the Board be cut through 
the Lines a, L c, dy &c. and the Point B brought under 
the Place marked 12, the other Parts of it will fall into 
fuch Places as (hall form one complete Square of 12 Indies 
exa£Uy. 
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IBroblctn 6. 

To increafe the Surface of a Geometrical Parallelogram. 

Let A B C D be the Parallelogram to be increafed ; and 
fuppofe its Breadth AC is 3 Inches, and its Length' A B 
10 Inches. 



Szktrlzla 



Operation. Firft, divide the fhorter Side A C into 5 
equal Parts, and the longer Side A B into ten equal Parts, 
• and draw the Lines acrofs as is done in the Figure, fo will 
the whole Surface be divided into 30 equal Parts, or 30 
fquare Inches. Then from A to D draw the Diagonal 
Line A D, which will cut the Figure into two equal Tri- 
angles. Again, cut thofe Triangles into 2 Parts, through 
the Lines E F and G H, /. e, through the 4th Line from, 
the bigger End, by which Means there will be produced 
2 Triangles and 2 Trapeziums^ which jorncd together as in 
the following Figures^ will make 32 Squares, inftead of the 
30 drawn in the nrft Figure, fo that here is apparently an 
Increafe of 2 Square Inches more. 






■ ■ I ■!■■ 1^ 



Note. If you draw in each Square of the firft Figure 
the reverfe Side of a Guinea or Shillings there will be only 
30 Pieces, but immediately joining them, as in "the 2d and 
.3d Figures, you will have 32 ^ that is, 2 Pieces more than 
before.— GW Gain. 
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To find the Area of an 9llifUi plain TriangU without 
Uling a Perpendicular. 

From Half the Sum of the three Sides, fubtraft each 
toarticular Side ; then multiply the half Sum and the three 
pifFerences continually ; the Sc[uare Root of the laft ?tQ* 
%iSt will be die Area of the Triangle. 

Suppofe A B C be a Triangle, whole three Sides are as 
follow, viz. A B 20 Inches, AC 18 Inches, and BC 
16 Inches, what is its Area i 




Operation, The Sum of the three Sides is $4 ; tht 
Half is 27. Then 27 — 20 = 7 5 27 — 18 = 9 ; 27 — 
16 = 11 ; and 27 X 7 = 189 X 9= 1701 X n = 18711, 
whofc Square Root is = 136.78 Inches, the Area required. 

» By this Problem the Content of a Piece of Ground may 
be found without the Surveyor's going into it. 

|0ro- 
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If loo Hurdles will fold loo Sheep, how many will id 

Hurdles fold ? ♦ ^ 



Suppofe the Parallelogram A B CD to reprefent the St« 
tuation of the Hurdles when they fold too Sheep^ whef 
the Sides A B and CD are 49 Hurdles each, and tnc £ 
A C and B D only 1 Hurdle each. 



1 



C^r 



E^' 



J5_ 



^S 



.-Bi 



Then it is very evident, that if to each of the Ends A C 
and BD^ there be added i Hurdle more, the Parallelogramic 
Space will be juft as large again. Whence it follows, that 
if the former Space A BCD will fold 100 Sheep, the 
additional Parallelogram CDEF will fold 100 more, 
confequently the Whole, with the Addition of two Hurdles, 
will fold 200 Sheep. 

* This is generally called the Sbepberd'z Problem* 
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. To divide the Area of a Circle into any Number of 
Iqual Parts by concentric Circles. 

Suppofe A B D £ be a Circle whofe Area is required to j 

^ divided into 5 equal Parts by the concentric Circles \ 

B 



Operation. Firft^ divide the Semi-diameter A # into $ 

equal Parts, as A i, 2, 5, 4, 5, and on the middle Point 

at gy as a Center, with the Radius or Opening i A, defcribe 

i?>Ae Semi-circle A, a, t^ c, dj /. Then, from the Points 

ifOf equal Divifion at i, 2, 3, 4, &c. raife Perpendiculars 

4^; they meet the Semi-circle in the Points <?, i, r, ^through 

which Points draw the concentric Circles E, F, G, H,l> 

t>and it is done. 

Note. Suppofe ; Smiths fhould agree to purchafe a 
Grinding Ston€ among them, each paying an equal Share 
>of the Price, and that each Man mould have the Ufe of 
Ae Stone to wear off a fifth Part till it come to the laft 
Man, who was to wear it out. TYitfirJI Man (hould wear 
the Stone from E to F ; ^tjecmd from F to G ; the third 
.)irom G to H; 1S^tfounh from H to I j and the^/* from I 
to the Center or Axis at r. 



ai3 Practical Geometry. 

To find the Area of any Space of Archimdis' Spiral. 
Let the Space given be A D B C A, to find its Area. 



mule. 

Make the Diftance A C the Radius of a Circle circum- 
fcribing the Spiral) then, find the Area of the wholcj 
Circle, and divide it by 3 ; the Quotient .will give the 
Spiral Area A D B C A required. * ! 



* The Area of the Spiral Space of Archimedes is always equal to j. 
(one-thii^) Part of the circumfcriting Circle. ' 



5gro-^ 
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l^raWem n. 

To find the Area of a Cycloid. 

Let the Cycloidical Space given be A B E, to ffnd its 
Lrea. 




Rule to find the Area. 

Find the Area of the generating Circle H D C K, and 
multiply it by 3, the Produ<a will give the Cycloidical Sp^ce 
required. 

To find the Length of the Arch A E B. 

I Multiply the Diameter of the generating Circle H D C K 
by 4, and the Produd will give the Length of the Arch 
Required. 

The Area of a Cycloid is equal to three Times the Area 
of the generating Circle \ and the Length of the Arch is 
equal to 4 Times the Diameter of the feme Circle. 



|0rc- 



I 



214 
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To find the Area of a Segmenty or Part of a SeSfor of a 
Circle. 

Multiply half the Sum of the two Arches by the DiC 
tance between them, (or by one of the Ends) and the 
-Produdl will give the Area. 



Suppofe the Length of the Arch A B be 84 Inches, the 
Arch CD 72.5 Inches, and the Diftance between them 
E F 3.5 Inches i what is the Area of the Segmental Space 
ABDC? 




The Sum of the two Arches AB and CD is 156.5; 
the half is == 78.2c 5 which multiplied by E F or AC =j 
3.5, gives 273.875 Inches, the Area required, I 



i 
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f^roblem 13* 

I To defcribc a Parabola^ by having only the Bafe or 
greateft Ordinate AB, and the Height or Axis VD 
given. 

Conffructiom 

Firft find the Lotus Return thus : 




Draw a Line from the Vertex V to the End of the Or- 
nate or Bafe at B. Divide that Line into two equal 
'arts, as at ^ ; upon b ereft a Perpendicular, and where 
t cuts the Axis V D, as at C, fet one Foot of the Com- 
lafles^ and with the other opened to the Vertex V, defcribe 
he Circle as in the Figure. So will the^^Diftj^nce between 
he Bafe or Ordinate A B, and that Point where the Axis 
continued cuts the Circle, as D R, be the Latus ReSium 
>ught. One Quarter of which is always the true Diftance 
f the Focus from the Vertex or Top of the Parabola. 
^his being obtained, we may proceed to delineate die 
^arabola as follows. 



To 



ii6 Practical Geometry^ 

. To delineate .the Parabola. 



^ 



Take \ of the Latus ReSium D R in the foregoing 
Scheme, and fet it from the Vertex V in the next P igure 
both Ways, upwards and downwards, to /and F, (equal 
to the Diftance of the Focus from V.) 



Next, let a Number of Points, as ^, tf, ^, &c. be taken 
in the Axis, and through each draw perpendicular Lines,; 
as ^ ^, ee^ e e^ &c. and all parallel to one another. Then] 
with a Pair of Compafles take the Diftance afi and witW 
one Foot in the Focus F ftrike Dalhes agrofs each Parallel' 
refbeftively, in e and <r, &c. then with an even Hand drawl 
a Curve through thofe Points, and it will form the Para*\ 
bola required. ! 



roj 
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To find the Length of the Tranfverje and Conjugate 
Axis of an Hyperbola^ having the Bafe and Height 'given, 
with the Height alfo above the Place wherethe Hyperbola 
meafures acrofs exa£);ly equal half the Breadth of that Bafe. 

(iftO To find the Tranfverfe Jxis. 

Prom the Square of the whole Height, take 4 Times 
the Square of the lefler Height*; divide the Remainder by 
4 Times the lefler Height, leflened by the whole Height, 
and the Quotient will give the Length of the Tranfverfe 
Axis required, 

Suppofe an Hyperbola^ whofe Bafe A B is 96 Inches, and 
Height V H 405 and fuppofe the Height V G, above the 
Breadth of 48 Inches, equal half the Bafe, to be 1 2.1 11 
Indies ; what is the Length of the Tranfverfe Axh TV, 
aoove the Vertex V of the Hyperbola ? 



Ki. 



^ 




£)peration* 

The Square of the whole Height 1600, leflened by 4 



Times the Square of the lefler Height 586.7052, l^c. leaves 
for a Remainder 1013.2147, tsff. which divided bv 4 Times 
the lefler Height 48.444., leflened by the whole Height 40, 



which is r= 8.44^ gives in the Quotient 1 20, the Length of 
the Tranfverfe Axis fought. 

L ^ (2diy.) 



2iS Practical Geometry. 

(idly.) To find the Conjugate Axis. 

Multiply the Height of the Hyperbola by the Sum of the 
^ranfverfe and Height : Make the Square Root of that 
Produft a Divifor to the Produft of the Tranfverfe and 
half the Breadth of the Bafe, fo will the Quotient arifing 
ht the Conjugate Axis required. 



Suppofe, as in the laft Example, the Tranfverle Axis 
TV to be lao Inches; the Height of the Hyperbola V H 

to Inches ; and the Bafe A B 96, confequently its half, 48 
nchcs % what is the length of the Conjugate Axis K F ? 



jSDf^eratJotit 

The Height 40, multiplied by the Sum of the TranC* 
verfe and Height, is = 1600, the Souare Root of which is 
r: 80 : By which Root divide the Produft of the Tranfl- 
verfe and half the Bafe multiplied together, = ^760, and 
the Quotient =72 gives the Length of the Conjugate 
Axis foi^ht« 



|Bra- 
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^roWem 15. 

To delineate or defcribe an Hyperbola by having the 
Tranfuerfe Diameter TV, and the Conjugate Diameter 



I KL given. 



Canffructioin 



Draw the Line T V for the Tranfottje Diameter ot 
Axis, and continue it upwards and downwards at Pleafure* 
Take the Conjugate Diameter or Axis K L, and place the 
Middle of it on the End of the Tranfverfe at V^ fo that 
thofe Lines may (land at right Angles to each other* 
Divide T V into 2 equal Parts at b ; and from S, with 
the Compafles opened to K or L, defcribe the Circle 
K/L F, cutting T V continued in r and j^ which are the 
Focii of the Hyperbola* In T V continued downwards 
take any Number of Points^ as a^ a^ a^ &c» and from F and 
/i as Centers, with the Diftances T a and V tf in the Com- 
paffes, defcribe Arches cutting each other in e^ e^ e^ &Ck 
Then, through the feveral Points /, ty e^ draw the Curve 
r V /, and it will be the Hyperbola required. 




Note* If two right Lines be drawn from the Point S> 
by the Ends K and L of the Conjugate Diameter, they 
llvill be the Afymtotes of the Hyperbola^ whofe Property it is 
to approach continually nearer the Curve, ycl never to 
meet It. 
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2-20 Practical Geometry. 



To find the Solidity of a Circular ^ Elliptical^ PanAdicel^ 
or Hyperbolical Spindle. 



To the Square of the Diameter in the Middle of the 
Spindle, add the Square di dauhie the Diameter at |, or one 
fourth of the Length, (/. e. exadly between the Middle 
and one of its Ends) multiply the Sum by the Length, and 
the Produft again by .1309, and it will give the Solidity 
very nearly. 



What IS the Solidity of a Spindle (of any of the above 
Fprms) whofe Length A B is 20 Inches, the greateft 
Diameter C D 6, and the Diameter E F at I of the 
Length 4.74 Inches ? 




The Diameter C D d = 36, added to double the Dia- 
meter EF D =89.8704, makes 125.8704; which x by 
20, the Length AB, is =.2517.4085 this x again by 
•no?! g'lves 329.5287072 Inches, for the Solid Coi^tent 
required* 

pro. 
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fBroWem 17* 

To find' the Solidity of a Fruflum or Sigmtnt of acv 
ElUptical^ Parabolical^ or HypirboUcal Spindle^ 

General IRuIe^ 

Add together the Squans of the grtaUft and 7/^? Diame-- 
ters, and the Square of double the Diameter in the Middle 
between the two j multiply the Sum by the Length, and the 
Produfl again by .1309 for the Solidity.^ 

What is the Solidity of the Middle Fruftum of any Kind 
of Spindle^ whofe Length AB is 20 Inches; the middle, 
or greater Diameter CD 16 Inches; the Diameter at each 
End, EFandGH, 12 Inches; and the Diameter at J 
of the Length, (i. ej between the Middle and the End^ 
IK, 14.5 Inches 2 




F KD H 



j^jjetatiott^ 



The D of C D = rs6 + d E F = 144 + twice I K 
D = 841 is = 1241. This X by 20, the Length, A B'is 
=: 14.820, which multiplied again by .1309, gives in the 
Product 3248.9380 Inches, for the Solid Content. 



^212 Practical Geometry. 

)drobUm i8« 

To find the Solidity of a IFidge. 

To fwtci the Length of the Bad add onee the Length 
of the Edge ; multiply this Sum by the Produft of the 
Height multiplied into the Breadth of the Wedge, and -J 
(one fixth) of this laft Produa will be the Solidity. ' 

Suppofc a IFedge whofe Height AD is 8 Inches; its 
Edge A B, 3 Inches ; the Length of the Back E F, 4 In- 
ches; and the Breadth of the BackCE, a Inches ^ what 
is its Solid Content ? 




Twice the Length of the Back E F = 8 + once the 
Length of the Edge A B =: 3 is = 1 1 ; this x by 16 (the 
Height A D = 8 multiplied by the Breadth C E = 2) gives 
176; which -f- by 6 gives 29.333, i^c. Inches, the Solid 
Content, 

Note. When the Bad and Edge are of the fame 
Length, the Wedge is equal to half a Pri/m of the fame 
Bafe and Altitude ; and its Content may be found by mul- 
tiplying the Jrea of the Back by half the Height of the 
'"edge. 

pro- 
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To cut a Tree through in fuch Manner^ that the two 
Parts meafured feparately. (hall produce a greater Solidity^ 
than that of the whole Tree. 



3RttIr. 

Cat it through exa£^ly in the Middle^ or at half the 
Length, and the two Parts will meafure (conTiderably) 
more than the Whole did before. 



ftrawplt* 

. Suppofe a Tree to girth 14 Feet at the greater End, » 
Feet at the lefs, and 8 Feet in the Middle^ and that the 
i^ength is 3a Feet» 




By the common Method, the whole Tree meaAtfses only 
iz8 Feet. When cut through the Middle, the greater 
part meafures 121 Feet, and the left Part ^5 Feet, which 
together make 146 Feet, and exceeds the whole by i& Feet* 



L4 
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To cut a Tree fo that the Part next the greater End may 
meafure the moft pof&ble, and ibmetimes confiderably more 
than the whole Tree. 

Cut it through where the-Girth is equal to ^ (one third) 
of the greateft Girth, and the greater End will then meafure 
thQ^reateft pofEble, 

To find where the Tree muft be cut through from the 
lefs End, to make the Girth there equal to j- of the Girth 
of the greater End. 

IRuIe. 

From the Girth of the greater End, fubtrad 3 Times 
the CJirth of the lefs End, and divide the Remainder by the 
Difference between the greater and lefs Girths ; this Quo- 
tient multiply by -J- of the Length of the Tree, and the 
Produft will give tlie Length of the Piece to be cut off 
from the lefs End, to leave a Remainder greater than the 
v/hole Tree, 

Taking here the fame Example as in the laft Problem, 
we (hall have 7.1 Feet the Length to be cutoff; 24.9 
Feet, the Length of the remaining Part 5 and 4.666 Feet, 
the (jirt at the Place cut off. Now the Content of the . 
whole Tree as before is only 128 Feet; but the Content of 
the ereater Part here is 135.5 Feet, which exceeds 128 by 
7.5 recti and is the greateft poffible. 

If the greateft Girth doth not exceed tlie lefs j Times^ 
tlie Tree cannot be cut as required by the Problem ; for 
when the leaft Girth is equal exacSHy to y of the greater, 
the Tree then mcafures to the moft pouible. 
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latoMem 21. 

A Perfon, for a confiderable Wager, is to travel in a 
certain Time from the Town at A, to another at B, biit 
he is obliged to call at a Place which is fomewhere on the 
(Road or; Line CD: Now his Time being limited, he 
is defirous to know (by Geometry) the Situation of the 
Place upon the Line C D, from whence the Diftaiice to Ar 
and B fliall be the leaft poffible ? 



.•3E 
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Firft, produce the Line A C downwards towards G, and' 
make UG = CA. Nexty draw the Line GB through 
the Line C D at E ; draw alfo the Line from A to E ; then 
will GE = AE; and the Angle CEA =CEG. 
But the Sum' of G E and E B is the leaft poffible, when 
they are in the fame Direftipn, or make one^right Line^ 
Confequently the Point E is the Place on the Line CD,. 
at which the Traveller muft muft call to make the Journey 
the leaft poffible, 

L 5 |0r0- 
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A Farmer borrowed a Staci of Hay of his Keigb- 
bour^ which meafured 6 Feet every Way, ♦ and paid him 
back again by 2 equal Cubical Pieces, each of whofe Sides 
were 3 Feet. Query, whether the Lender was fully paid? 




6-± 



JP 



The Content of the larger Cube is 216 Feet. The 
Content of the fmaller only 27 Feet. The 2 Payments, 
therefore, amounted to no more than 54 Feet, which is 
juft I (or fourth Part) of what was borrowed ; confequent- 
ly the Farmer is ffill indebted | more to hh Neighbour,. 



* That is» 6 Feet In Lengthy ^in Brcadth> and 6^ in Dej^th^ 
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problem 23. 

To find the DifFcrence of the Areas of Jfoperimetrkat 
Figures ; that is, of Figtites whofe Number of Sides and 
Meafure about them is equal, the one to the olher. 

It is obfervable that two Figures of the fame Number 
of Sides, and the fame Perimeters, may-have their Areas* 
very differem. from each other. For, fuppofe, in the twa 
following Parallelograms^ the Length of the former, marked 
A, be 6 Fe«t, the Breadth 4. Feet, and tie Perimeter 20P 





Feet : And^ fuppofe the Length of the latter, marked B, 
be JJ Feet, the Breadth z Feet, and Perimeter 20 Feef,. 
the fame with the other ; then the Area of the one wilb 
be 24 Feet, and the Area of the other but 16 Feety which* 
is equal only to y of the former. ♦^ 

Hence we difcover that of all IJoberimttrieal Y\^xt%'^ 
having the fame Number of Sides, tne nearer their Sidcs^ 
and Angles approach to an Equality, the greater is their' 
Area or Surface, and that the Perimeter only being given is* 
not fufEcient to determine the Contents 

♦ Many People form their Opinion of the Size of a-P!ece ofGf5und,* 
a Canip> or a Clty^ only from the Circumference or Perimeter : when 
they are told, therefore, that MegahpoHi contains in CiKumfeience 50- 



2ii Practical Geometrt. 

Stadia, and Lacedamon no more than 4S, and yet that this laft City 19 
twice as large as the former, they know not how to believe it 5 and if 
any one, deiigning to increafe their Surprize, fhould affirm, that it is 
poUible that a Ground, Camp, or City, which contains only 40 StadUi 
in Perimeter, may be t^zvicezs large as another that contains 100 Stadzar , 
they arc ftruck with the greateft Amazement. The Caufe of this Sur- 
pnze arifes from their Neglefl of Geometrical Learning in their Youth ; 
and I was rather inclined to take fome Notice of thefe Matters, because 
not the Vulgar alone, but fome even of thbfo-jwho are employed in the 
Admintftration of States, or nlaced at the Head of Armies, are 
fometimes aftonifhed, and not ^mle to conceive, that Laced^mon is a. 
much greater City than Megalopolis-^ though it be confiderably. lefs To^ 
Perimeter^ 



iBi^a- 



PRACTICAL' Geometry* 



22*9 



To find the Side of a Cubic Block of Gold, which being 
coined into Guineas, would pay off the National Debt, 




Operation. At the Tower of London 44 Guineas and 
4- are coined out of ilb. Troy, or 5760 Grains of Gold ; 
the Standard Weight therefore of i Guinea is 129 i^V 
Grains. 

. The Weight of a Cubic Foot of fuch Gold is 752492 1 tV 
Grains, or 1306-lb. 40^. fodwt. o/^ grs. Troy Weight. 
Out 01 this Quantity 58135 | Guineas may be coined^ 
ivhich is equal in Value 1061042!. os. 3d. Sterling.^ 

The National Debt at this Time is about 2'50,ooo,ocfdK 
Sterling, which turned into Guineas make 238095238.09, 
. -whence we have this Proportion.. 

^ Guin«^» Cubic Feet. Guineas, 

If 58135.25 require i, what wilt 238o95238;09 requirer 

Anfwcr 4095.539 Cubic Feet. 

Confequently, a Lump of Gold equal in Bulk to 
4095.530 Cubic Feet coined into Guineas, will pay the 
National Debt; and the Side of fuch. a Cube will be found 
to be 16 Feet nearly. 
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a^O PrACTICAI iG£OM£TldY. 

^fablem 25. 

What Anntdtj will be fufficient to pay ofF the National 
Debt of 250 Millions in 30 Years, at ^ ptr Cent. Cona- 
pound Intereft? 

The Annuity of r/. for 3.0 Years, at 4 per Ct* is 0.057^301 
Which multiplied hy the Debt — — 250000000 

Gives the Aiinujty fought — — — '4*45 7S ^5 
From which dedu6l the Intereft yeady paid, 1 .^ 
at4 per Cent - -^ J^ '\ icoooooo- 

There remains the additional Sum to be raifed 4.457 52 j 

Confequently, the National Debt^ allowing it, this pre- 
fcnt Year ^^Z'Ky to be 2co Millions, and the Intereft yearly^ 
paid at 4 per Cent, to oe 10 Millions ;. then will an Addi^ 
tional Sinking Fund of 4.457525/. per Ann, clear ofF the 
whole Debt in 30 Years. 

j3* If former Minifters had been prudent enough to have 
difcharged this Debt as oft as it had amounted to 40 or 50 
Millions, the Annuity to have been raifed would have been 
but fmall; i*t.. between 2 and 3 Millions yearly at m,oft. 
Had this Meafure been adopted, wc (hould have been at 
this Time, not only free from the heavy and ruinous Load 
of Taxes we groan under, buty with our prefent Refourcesy 
fhould have been a mighty. People \ — safy at Home, and 
formidable Abroad V 
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Of Magic Squares^ 

Magic Squares: are Numbers in progreflive Order in a 
Natural Square fo difpofed ii> the Cells of a Geoiiaetrical 
Square^ that the Sums, (if the Numbers given arc in 
Arithmetical Progreffion, — but their ProduSf$^ if the Num- 
bers are in Geometrical ProgreffionJ of each Row taken 
cither Perpendicularlyy Horizontally or Diagonally^ are 
equal. 

Thus the nine Digits placed in their Order in the Natu* 
ral Square may be difpoied in the following Manner in the 
two Magi^ Square* to naake the Sum of 15 each. W^y. 



Natural Square^ 



Magic Squares. 
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In like Manner the Natural Square of 16 Celfs may be 
<rifpofed 4 different Ways ia M^gic Squares^ making 34 
each Way. 

Natural Square. 
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Magic Squares. 
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If thje Numbers in the Natural Square are in a Geometri-* 
cal Proportion, the Prod u£ts of each Row will be equal to 
each other, taken 6ither Perpendicularly, Horizontally, or 
Diagonally in the Magic Square, 



Natural Square, 
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Magic Square^ 
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The P;rodu£ls of the feveral Lines in the Magic Square 
make each Way 32768. . 

Magic Squares feem to have been fo called from their 
being ufed in the Conftruftion of Amulets or Charms, as 
Prefervatlves againft Mifchie^ Witchcraft, or Difeafes.. 
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To- S^uan thi CircU. 

That is, to findthe Side of a Square whofe Area fhallte 
pcrfeilly equal to that of a Circle. ♦ 

This is a Problem that has employed the Geometrician* 
of all Ages J much Care and Time has been expendedia 
the Performance, yet they have not been happy enough to 
accomplifh it. The Difficulty arifes from not being able 
to afcertain exa£Uy the Proportion between the DiameUr 
and the Circumfereticey upon which the true Area of the 
Circle .depends. Some Mathematicians have carried oii 
their Calculations till the Proportion between them has 
been affigned much nearer than one Angle Grain of 'Sand, 
compared to a Sphere as large as the Orbit of Saturn. 
Since then we can only proceed by Attroxmation^ with- 
out ever arriving perhaps at a final Conclufionj we will 
here offer to the Learner's Attention a very fhort as well 
as an eafy Method, by which the Proportion between the 
Diameter and Circujnference of the Circle may be found aft 
near as Two Hundred Thoufand Parts are to One^ which will 
be a Solution exad enough for all the common Purpofes ol 
Life* 



• The Emperor CbarUs V. oflfcrcd a Reward of One Hundred Thou, 
fand Crowns to the Perfon who fliould peifcftly folvc this celebrated 
Problem ; and the States of HoUand iuive propofed a large Reward fos 
the fame Purpofe. 
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Suppofe the Arch of a given Circle be B C D ; the Cen* 
ter A ; the Diameter G A C ; and A B or A D, the Ra- 
dius, or Semidiameter ; to find the Length of the faid Arch 
BCD, and thereby the Length of the whole Circum- 
ference G B CD. 

(ill.) GemetrUally. 

Divide the given Arch BCD into two equal Parts at 
the Point C, and draw the Chords B C, CD, and BD. 
Extend the Chord BD to /, fo that the Line B/ may be 
equal to the Length of the two Chords BC and CD. 
Prolong the Line B/to^ fo that the Line if may be 
equal to the third Part of the Line D r v ^^'^ then the Line 
B yihall be nearly equal to the Length of the Curve BCD. 
Nearly I fay, becaufe the Line B/is a very littli lefs thaa 
the Arch fi C D ; but when the Arch does not exceed 30 
Degrees, the Difference is fb fmall, that, of a Hundred 
Tboufand Parts that may be given to the Radius A B or 
A D, the Difference will not amount to one of tbole Parts^ 
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(zd.) Arithmetically* 

Every one who has made ady Progrefs in Geometry, 
[knows, that' the Chord of 60 Degrees of a Circle, is pre- 
"ciiely equal to the Radius or Semidiameter of that Circle. 
If the Arch therefore of 60 Degrees be divided into two 
equal Parts by the Radius A C in the foregoing FigurCt 
we Ihall have a right angled Triangle formed, m which 
are given the Radius A B or A D = 50000 ; half the Chord 
D B =3 D frt = 25000, to find the Scg. Am. (by 47, i B. 
of Euclid) which fubtrafted from the Radius AC, leaveg 
the Length of the Line tnC Then, in the Triangle 
D m C right angled at m, there is given C m and D in ta 
find CD the Chord of 30 Degrees =: 25882. This done^ 
iivide the Chord C D or C B into two equal Parts, ana 
proceed in the fame Manner as before to find the Chord of 
15 Degrees, which will be = 130530. This doubled 
makes .76106, from which take the Chord of 30 Degrees 
jr 2C882, and there will remain 224 =: the Line D ^ j the 
third Part of which is 74, for the Line e f. And that 
Line ij"^ being added to the Line B f, the joint Sum will 
be 26180, for the whole Line B^ equal to the Length of 
the Aw:h BCD, which Arch Tas being one-twelfth Part 
of the Circle) will, when multiplied by 12, give 31416O) 
for the Circumference of the whole Circle. 



Hence we difcover, that when the Diameter of a Circle 
confifts of 1 00000 Parts, the Periphery or Circumference is 
about 314160 of fuch Parts. And confequently, the Dia* 
meter of a Circle is to its Circumference in a Ratio^ nearly, 
*8 I to 3.1416. 



To find the Area of the Circle. . 

The Circumference being thus found, the Area of the 
Circle may be eafily obtained. For all Circles may be 
fuppofed to be macle up of a vaft Number of fmall plajn 

Trianjles 
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Triangles, whofe Hjetghts, or acute Angles, all meet in the 
Center^ and whofe little Bafcs united form the Circum- 
ference. Whence, if we multiply the Hiight^ which in 
this Cafe may be taken equal to the Radiui = .5 \ bfii 
lialf the Sum of the Bafcs \ that is, by half thi CircumA 
finnci^ which is == t.5708, the Product =. ./Sji. will be 
the Area required \ that is, the Area of a Circle whoie 
Diameter is 1. 



To find thi Aru of any. othor Circloy &€•> I 

And by this Ana^ may the y/na of any other Circlfe he 
Ibund, by knowing only its DiameUr without the Trouble^ 
of finding its Circumference. For as all like Superficies 
are to each other, as the Squares of their like Sides ; fa 
are all Circles to each other as the Squam of their Dia» \ 
meters ; whence it will always hold — 

Diameter) a d 1 

As ID ^ : g : : Diam. given > : Area (ought, 
fquared J . ''^^ fquared > 



To find the Side of a Square equal to the Area of the 
Circle. You need only extraft the Square Root of the 
circular Area, and it is done; for thiat Root will be the J 
Side of the Square required; and. which in this Cafe will , 
be found to be .886217. 



• The feveral Trianglct being conccivec! to be infinitely fmall, th«r 
Perpendicular Height, and Sides, which are lb many Radiii^ may be 
taken one for the other witliout any iimfible Error. 1 
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Note. The Circle is the moft capacious of all Figures ; 
for if the Sides of a Triar?gle^ S^uare^ Pentagon^ Hex agon j 
or any other regular Polygon, be equal to the Circumference 
\ef 2l Circle, it will not contain fo great an Are^ as the 
Circle docs. For, fuppofe the Circumference of a Circle 
be 75.4. Inches. \x.% Area will be 452.4 Inches. Now, the 
fourth Part or the Circumference is i8.8y, which fquared 
*ves only 355.3325 Inches, confequently is 97.3775 In- 
\ts le(s than tiie true Area of the Circle. Hence, we fee 
the* Ground and Found^ion of the Error of meafuring 
found Timber^ by taking \ of the Girth for the Side of 
,tiie Square equal ; which falfe Way ought, I think, no 
ionger to take Place, but be finally baniuied from the 
jlecommendatron and Pra6lice of all thinking Men, who 
lave any Connexion with fuch Kind of Menfurations. 

Again, if the Circumference of a Circle be i, the Side 
of a Square of equal Area to that Circle is .2821 j whereas 
\j the falfe Method of the Girth it is b^t .25* 
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To raife the Earth according to the Propolal of the great 
Ctometruian Archimedes of Syracu/e^ 

The cdebrated Archimedes affirmed^ that he could move 
the Earth, if he had a Place ^at a Diftance fix>m it to ftand 
upon to nianage his Machinery.* This he propofed to. 
do^ perhaps, with a long Lever in the following Manner. 




Thus, fuppofe A to reprefent the Earth ; B the Placc^ 
Ph)p, or Center of Motion ; and C the Place where the 
moving Power is to be applied. 

Then, fuppofe a Man to pull or prcfs the End of 
the long Arm with the Force of 200 Pound Weight, 
and diat the Earth contains, in round Numbers, 
4,000,000^0,000,000,000,000, or 4000 Trillions of Cu- 
bic Feet, each at a mean Rate weighing 100 Pound ; and 
riiat the Prop or Center of Motion of the Lever is 
6000 Miles from the Earth's Center : In this Cafe, the 
Lenp;th of the Lever-from the Prop to the moving Power or 
Weight ought to be i2,ooo,oco,ooo,ooo,ooo,ooo,ooOjOoo> 
or 12 Quadrillions of Miles ; and fo many Miles muft the 
Power move in order to raife the Earth but one Mile» 
Whence, it is eafy to compute, that if JrchimedeSy or the 
Power applied, could move as fwift as a Cannon-Ball, it 
would take 27,000,000,000,000, or 27 Billions of Years, 
to raife the Earth one Inch. 

* woii mi r«, xai rov xwTfM* tutiffv. Give mc a Place to ftand on, 
and I will move the Earth* 

Note. 
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Tfote* If any other Machine, fuch as a Combination of 
W^heels, Pullies, or Screws, was propofed to move the 
Earthy the Time it would require, and the Space gone 
hrough by the Hand that turned the Machine, would be 
he fame as above. Hence we learn, that however bound- 
efs our Imagination and Theory may be, the aftual Ope- 
ations of Man are confined within narrower Bounds, and 
nore adapted to our real Tf^ants^ than to our Defires. 
IVith this Refleftion, we clofe the prefent Work, wifhing 
he Reader may receive that Benefit and Advantage firom 
Ii which was defigned by the Author. 
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